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APPRENTICESHIP ;

MILLWRIGHT
RELATED TRAINING MODULES

SAFETY.

1.1( Genlral Safety
1.2 Hand Tool Safety
1.3 Power tool Safety
1.4 Fire Safety
1.5 .Hygiene Safety

1.6 Safety and Electricity'
1.7 Fire Types and Prevention
1.8 Machine Safeguaiding '(includes

CM/ELECTRONICS

.
.

)

2.1 Basics of Energy,

2.2 Atomic Theory
2.3 Electrical Conduction
2.4 Basics of Direct Current

2.5 Introduction to Circuits

2.6 Raading Scales
20 Using a V.Q.M.

, 2..8. ORWS Law
2.9 'Power and Watt's Ow
2.10

,

Kirchoff's Cuirent Law

2.11 Kirchoff's Voltage Law

2.12 Series Resi4tive-Circuits
2.13 Para1le1 Resistive Circuits

2.14 Series - Parallel Resistive Circuits

2.15 Switches a Relays

2.16 1.44sics of ternattng Currents

2.17 Magnetism

OSHA Handbook)

3.1
3.2

3.3
3.4

COMPUTERS

Digital Language
Digital Logic
Ccxnputer, Overview

Cceptiter Software

*TOOLS

4.1 Boxing and illing Tools

4.2 Cutting Tbo se Files and Abrasives

44" !biding Fastening Tools

4.4 Fastening.Devices

445 Basic Scienc, SimpleMechanics
4.6. Fasteners

4
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5.1

5.2

5.3

5.4

5.5

5.6
5./

5.8

5.9

5.10

5.11
5.12

5.13

5.14

5.15

5.16

6.1

6.2

6.1

6.4
6.5

6.7

6.8.
6.9

6.10
6.11

6.12

1

7.1

7.2

7.3

7.4

.7.5

7.6
7.7

7.8
7.9

4

DRAFTING

Types of Drawing and Views
Sketching

)

Blueprint Reading/Working Drawings
Working Drawings foi Machines ,and Welding
Machine and Welding Symbols
Blueprint Reading, Draftingi Basic
Blueprint Reading, Drafting: BasiC

Blueprint Reading, Drafting: Basic
Bluepript Reading, Drafting: Basic
Blueprint Reading, Drafting: Basic

Blueprint Reading, Drafting: Basic
Eilueprinteading, Drafting: Basic
Blueprint Reading, Drafting: Basic

Drafting, Machine Features
Drafting, Measurement
Drafting, Visualization

,

HUMAN RELATIONS ',

,Ccomunicaticns'Skills
Feedback
Indkvidual Stiengths
Interpersonal conflicts
Group problem Solving
''Goat- setting and Decision-making

Worksite Visits
Resumes
Interviews
Expectation
Wider Influences and Responsibilities
Personal, Finance

BOILERS

Print

Print
Print
Print
Print

Print
Print
Print

Boilers - Fire Tube Types
Boilers - Watertube Types
Boiler6 Condttucticni

Boilers - Fittings /

Boilers.- Operation
Boilers - Cleaning
Boilers - Reit Recdvery Systemtt
Boilers - Instruments and Controls
Boilers - Piping and Steam .`reps

TURBINES

I

r

44 1

8.1 Steam Turbines - Types
8.2 Steam Turbines Components
8.3 Steam Turbines Auxiliaries
8.4 Steam Turbines Operation and Maintenance

,8.5 Gas Turbines

.r

Reading
Reading '4

Reading
Reading
Reading
Reading
Reading
Reading

,Page

"4\



9.1
9.2

90
9t4

9.5

9.6
9.7

PUMPS

;Pumps -
Pimps
Pumps
Pimps -
Pumps -
Pimps
Pumps -

V

4
.1

Types and Classification
Applications
Construction
Calculating Heat and Flow
Operation
Monitoring, and Troubleshooting
Maintenance

1

COMBUSTION

10.1 Combustion - Process
10.2 -Combustion - Types of Fuel
10.3 Combustion Air and Fuel Gaies
10.4 Combustion -*feat Transfer
10.5 CdMbustion - Wood

.GENERATORS

11.1 Generators s and Construction
11.2 Generators - Operation

FEEDWATER'

12.1 Feedwater - Types and Equipment
12.2 Feedwater. Waiter Treatments

12.3 Feedwater - Toasting

AIR COMPRESSORS

13'.1 Air Compressors - Types
13.2 Air Ccapressors - Operation and Maintenance/

14.1

14.2

.14.3

14.4

15.1

15.2
15.3

15.4

15.5

STEAM

Steam - Formation and Rvaporation
Steam - Types 4 '

Steam - Transport
Steam - Purification

MISCELLANEOUS

Installation - Foundations,
Installation - Alignment
Circuit Protection
Transformers
Trade firms

WADE MATH .

16.1 Linear - Measure
16.2 Whole Numbers

Page III
# ,

16.3 Additional and Subtraction of Carman Fractich and' Mixed Numbers

16.4 Multiplicattonand Division of Common Fractions and Whole and

Mixed Numbers,
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16.5 0's COmpoind Numbers
16'.6 ,Percent

f
. *tio and Proport ion

f 16.8 ertmeters, Argas and Volumes
16.9 ircumference!end Wide Area of Circles
16.10 Area of Plane, Figures .and Volutes of Solid Figures

16.119 Metrics

A

4

HYDRAULICS

17.1. Hydraulics 7 Lever
17.2 . .. Hydraulics - Transmission of Force
'17.3 Hydraulics - Symbols
17.4 Hydraulics - Basic Systems
17.5 ''Hydraulics -.Pumps
17.6 , Hydraulics - Pressure Relief Valve
17.7 t Hydraulics -r Reservoirs
17.8 ; Hydraulids Directional Control Valve
17.9 , A Hydraulics Cylinders

, 17.10 ' Hydraulics - Forcesa Area, Pressure
17.11 Hydraulics - Conductors and Connectors
17.12 . Hydraulics -'Ttoubleshooting
17.13 Hydraulics - Maintenance

\
METALLURGY

18.1 Included are 'ILS packpts:

W3010
W 3011-4
W 301/-2

19.1:

2011

I

1.

MS 9001 (1-3-4-8-9-6-7-572-9)
MS'9200, 9201

POWER DRIVES

101. .A..4;C-D-JE

102. C-D-E
1103. B =C-D-E

1.
104. A-C-EmF-G-H-I-J

1' 107. A
108. A

WELDING

602. A-B-C-D-G-I-L-M
603. A-B-F-10-I

W. 3011-1 refetl,to Mettallurgy

WE. .MA-18.

v.
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MILLWRIGHT.

SUPPLEMOTARY REFERENCE ,DIRECTORY

Note: All referenqe padketS are numbered on the upper right-hand corner'of the respective

J 4

Supplementary
`Packet .# Description Related Training Module

i ,.

I

1:8 i 'Machine Safeguarding

7.1 ! Boilers, Fire Tir?e Type

Concepts & Techniques of Machine Safeguarding,,U.S.D.L..,

Corres ondence Course, Lecture 1, Sec.' 2, Steam Generators Types

of i3oiTtks, I , S.A. I .T. , Calgary, Al berta, Canada

12.2 'Correspondence Course, Lecture 2, Sec. 2, Steam Generators, Types.

of Boikers Calgary, Alberta,. Canada

'12.4

12.5

Correspondence.CQurse, Lecture 2.4 .Sec: 2, Steam Generators, Boiler

..Construction ',&EreCtion', S.A4.Tt,.Calgary, 1?erta Canada ..

.

Correspondence-Course, Lecture 4, Sec. 2-,,Steam Generators,'Boiler
Fit/0)10 tII, SA.L.T.,. calgary,,Al.berta*; Canada'',

.21, lers Water' Tube.. Type,

Boilers,- onstruction

Correspondence-Course, Lecture 4, Sec: 2, Stem Generators, -Boiler 7\d4 i

Fitting I, S.A.I.T., Calgai'y, Alberta, Canada'

Correspondence Course, Lecture 10, Sec. 2, Stearn Generation,.Bbiler

Operation, Maintenance, Inspectioh, Calgary, Alberta, .

Canada

12.7 Correspondence Cburse,' Lecture 3, Sec. 2, Steam Generation,

Detail s ,S.A. I T. , Cal gary, Alberta, Canada

13.1

13.2

13.4
13.6

13.7 "

Boller

O. 4

Corre'Spondence Course, Lecture 9, Sed. 2.,'Steam G ntator, Power,.
Plant Pumps , I .T. Cal gaiv, Al berta ! Canada

13'0i lers'l Fittings:

(*'
(r,

7.5 Boilers'.; Operation

17.7 po'llers -Heat Recovery,

.1 "Systems

PUMP

/ Types & ClassificatiOns

9.2.1 Appl ications .

'.

Calculating Heat .& now "';

Monitoring &. Tr.oubleshooting
.

corrOspOndence Course, :Lecture .6, Sec.

Calgary, Al berta, *Canada
, .

MainAtenance

9.1 Construction
0peration'
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'Supplementary Reference Directory

Page:2

; .

-...:SuPpAlementarY
--Descrivtion

Correspondenee.CoUite,.Lecturel Sec. 3, Steam Generators, Steam

Generator Controls, Calgary, Alberta, Canada

16.2

a 1 1

17.2

I

.1 0

Correspondence Course; Lecture 11, Sec. 2,.Steam Generators,

.;Piping II, S.A.I.T., Calgary, Alberta.,,COnada

Correspondence Course, Lecture Sec. 4, Prime Movers, & Auxil -

iaries, Steam Turbines, S.A.,I:T., Calgary, Alliertas Canada

Correspondence Course, Lecture 4, Sec. 3, Prime Movers, Steam
_Turbines I, S.A.I.T., Calgary, Alberta, Canada

.
COrrespondence Course, Lecture 2, Sec. 4, Prime Movers & Auxil-

iaries, Steam Turbine Auxiliaries, S.A.S.T.,. Calgary, Alberta,

.Canada
0'

Correspondence Course, Lecture 6, Sec. 3, Prime Movers, Steam
Turbine Operation & MaintenanceS:A.I.T., Calgary, Alberta,
Canada

14,

Correspondence Course, Lecture 8, Sec. 3, Prime Movers, -Gas 8.5 Gas Turbines

Turbines, S.A.I.T., Calgary, Alberta, Canada

Boilers Fired with Wood & Bark Residues, D.D. Junge, F.R.L.,
0.S.U., 1975

Related Training Module

14.3 Steam Transport

7.8 BOilers, Instruments &
Controls

14.4 Steam Purification

8.1 Steam Turbines, Types

8,.2 Steam Turbines, Components

8.3 Steam Turbines, Auxiliades

8.4 Steam Turbines, Operatipn
& Maintenance

(:urespondence Course, 'Lecture 5, Sec. 2, Stem Generators, Fuel
'Combustion, Calgary70Albvta,Canada

Correspondence Course, Lecture 5, Sec.' , Plant Service(;,

& Combustion, S.A.I.T., Calgary, Albert , tapaea
. .

Correspondence Course, Le Lure 12, Sec..3, Steam Genefation,.WaterLe

Treatment, S.A.I,T.,.Ca gary, Alberta, Canada

Correspondence tourse, Lecture 12, Sec. 2, Steam Genera6011;414,ter
Treatment, S.A.I.T., Calgary, Alberta, Canada

:

BEST COPY. AVAILABLE

10.2 Combustion Types of Fuel

10.2 Combustion Types of Fuel

10.3 Combustion Ai); & Fuel Gases

410

12.1, Feedwater, Types &
Operation

12.2 Feedwa ter ,

Treatments
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* Page 3
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Supplementaq
Packet t Description '

17.3 Correspondence Course, Lecture 7, Sec. 2, Ste

*Feedwater Treatment, Calga-ry.;.Alber

18.1 Correspondence Cour;se, Lecture 2, Sec.-5, Ele

.Current Machines, S.A.I.T., Ca44ary, Alberta,

18.1 Corresporidenc$ Course, Lecture 4,.Sec.'d5, Ele

18.2. Current Generators,-S.A,LT., Calgary, Albert.

19.1

6
rt

-Correspondence Course, Lectures 5, Sec. '4; PriM Movers & A601-

. iaries, Air Compressor Calgary,'A rt0 a, Canada
.

i

m Generators, Boiler

a, Canada

tricity, Direct

anada

ricity, Alternating
Ctiada .

Related Training Module '

12.3,feedwater, Testing,

11.1 Generators, Types

-7 Construction'
/

11.1 Generators, Typo &
Construction

18.2 Generators, Operation

13.1 AirConipressors, Types

. ,
100"19.1 Correspondence Course, Lecture 6,. Sec. 4, Prime Moyers4 Auxil- 13.1 Air Compressors, Types

iaries, Air Compressors II*eS.A..T., Calgary, Alberta, Canada 13;2 Air Compressors, Operation

& Maintenance

20.1 BasitbElectronics, Power Transformers, EL-BE-51 " 15.4 Transformers

. 2.1.1 Correspondence Course, Lecture 6, Sec. 5, Electrt6ty, Switchgear 15..3 Circuit Protection

& Circuit, Protectiye Equipment, S.A.I.T., Calgary, Alberta,

g Canada .

22.1 Correspondence Course, Lecture 10, Sec. 3, Prime Movers, Power. 15.1 Installation Foundations

e

.'Plant,Erection & S.A.I.T., Calgary, Alberta, Canada

4
-44
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RECOMMENDATIONS'FOR USING TRAINING MODULES'

1

TH'e following pages list modules and their corresponding numbers for this

particular apprenticeship trade. As related training classroom hours

vary for different reasons throughout the state, we recommend that

the individual apprenticeship committees divide the total packets to

f their individual class schedules,

'There' are over 130 modules available: Apprentices can complete the

whole setsby the end of their indentured aprrenticeships. Some

apprentices may already have knowledge and skills that are covered

in particular modules. In those cases, perhaps credit could be

granted for those subjects, allowing apprentcies to advance' to the

remaining modules.

We suggest the the apprenticeshirinstructors assign the modules irk

numerical order to make this learning tool most effective.

S
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SUPAEMENTARY INFORMATION.'
. .

ON CASSETTE TAPES
,

. Tape 1: Fire Tube Boilers. - Water TUbe Boilers
and Boiler Manholes and Safety Precautions

Tape 2: Boiler Fittings, Vaives, Injectors,
Pumps and Steam Traps

I'

Tape 3: Combustion, Boiler Care and Heat Transfer
and Feed Water Types

Tape 4: Boi er Safety and Steam Turbines

4

NOTE: The above cassette
reference material
indicated,/ and not

tapes are intended as additional
for the respective modules, as
designated as a required assignment.

4
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Modules 18.1, 19.1, and 20.1 have been omitted because they contairi
dated materials.
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1/r

GENERATORS TXPES AND CONSTRUCTION

rue

m °Goal:

The apprentice. will be able to
describe types of generators_
and their construction.

4,4 1

Perforrnaricd Indicators:

1.

2.

3.

4.,

Describe AC generators.

Describe' DC generators.

Describe field exciters.
4'

Destilbe construction of
generators.

QP

1.

kw'
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Study Guide
O

* Read the goal and performance indicators to find what is to be learned from
t.

..

package. r a' s

* Read the vocabulary list to findiiie: words that will be used ip package.-

Read the introduction and i:riflormation sheets.

Complete the Jo sheet.

* 'Complete seg-assessment.
r

Complete post-assessment.

2
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:Voc a laki ry

* "Air cooling
Air gap

* .Alternator
e Armature core,
* .Brushes

4

* Commutator
Compound generator (DC)

Core
Cylindrical type
Direct acting rheostatic regulator

End caps
Field coils
Field poles

* Flat compounded
*- Frame r yoke

II1* Hydrogen cooling
* Indirect acting rheostatic regulator

Interpoles'
Liquid cooling
Magnetic amplifier
Motor exciter
Over-compounded
Pole cores
Rotor
Salient field pole type

* Self-excited
Sepai4tely excited
Series
Shaft exciter 4

41.° Shunt
* Static regulator

Stator(
Statorframe

* Synchronous-speed.
Three-phase
Under-compounded
Ventilation slots

Windings



Generators transform mechanical.energy into electrical energy. They are basic
'components of power generation plants. Most generators in industry are of 41114

alternating current type. AC generators are commonly,known as alternators.
Steam and gas turbines are used to power most large alternators. Some" small
alternators are engine driven.

A direct current generator is actually an AC generator that has been equipped
with a commutator. The commutator is a rectifier. DC generators are not.widely

used except as field exciters for large AC geneiators. /

Turbine generators are composed of a magnetic field that rotates (rotor) inside ,a
stationary conductor component (stator). This package will describe the types'

and construction of generators used in power production.

/
4, 4.

4
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AC Generators

"AC generators must be driven at a constant sPeed. This is to assure the
frequency of supply of electricity entering a circuit load. If more than* one
generator is hooked in parallel, each must be operated at the-same speed. That
speed is called synchronous speed. The alternator is composed,-.4 two

componentsthe stator and the rotor.

Stator Design

The stator is the stationary portion of the alternator. It has three parts:

* Core -- built of segmented steel sheets, that are slotted so that they can
be keyed to die stator frame."

*- Windings -- formed from copper conductor materials and wound to fit in
the slots of the,core. The windings are insulated by a bonding material
subb as micanite.

Stator frame -- supports the core and wind7Cgs and sers to enclose

coolants.

Rotor. Design

The rotor is a steel forged shaft that is'siotted to receive the rotor windings.
Rotor windings are strips of copper that have been'inSUlated with micanite: The'

windings are .held into the rotor body With. steel wedges. This protects the

windingS against the centrifugal force of the turning rotor.. Once the steel

%:/edges are driven into place, end caps are used to lock the wedges into.

position. The rotor 'shaft is spade with ultrasonic test grooves to allow
examination of forging soundness. Also, the shaft. has machined'

ventilation slats to assist.in the 'cooling of tie rotor:

4 ' 5

21
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WINDING
SLOTS

1110
VENTILATION SLOTS

Types of AC Generators

Alternating current generators are of two. types.4 The salient field pole
generator is used on water' turbines and diesel engine driven plants. It is a

slow speed 'generator. A cylindrical type rotor is used on steam. and gas turbine
driven alternators. Salient-Ole rotors'have projecting field poles ,The
laminated pole pieces with their field coils are mounted on the rim of the steels
Spider and keyed to the shaft.

ROTOR COMPLETE WIT WINDING:, END BELLS, FANS
. AN CpUpLItIGS

A

The cylindrical type rotor was shown in rotor design. It is a highAspeed rotor
that can withstand the vibrations much better than the salient-pole type. Far'
that reason, it will be'the. generator most often found in a-moiler plant,:

N
tl

50:

d)
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4/

Information
Phase .

. .
Both single phase and three-phase alternators are manufactured. The three-phase
is the most common type in steam generation plants.. The windings are set in

three groups. These groups are set apart by 120° . This causes three
difterent,-- overlapping voltages which tends to even out the power. A single

phase electrical wave will produce both positive and negative voltage with each

pulsation.

1/9/45

tiot

410 A three phase smooths out the momentary drop by overlapping .the electrical
waves. This produces_a more consistent power.

Q

Cooling Design

Alternators -are cooled by air, liquid or hydrogen. In an air cooled system, air
is recirculated through the windings by use of an air cooler.. This enclosed air
system uses water as a cooling medium for the air cooler. Hydrogen cooling is
also a closed circuit system. Hydrogen has many advantages over air as a

cooling medium and transfers heat much more rapidly than air. Hydrogen is'more
explosive and must be encased in an explosion proof casing. When the stator is
opened for repair, the hydrogen should be purged with COA,to, avoid explosive .

mixtures of air and hydrogen. Liquid cooling of alternators is a ircent design
feature. Water is moved through hollow conductors in ihe stator. The

conductors are made of copper. Water is carried-to the conductors through
stainless steel manifolds and .plastic insulating hose.

7
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INSTRUCTIONAL LEARNING SYSTEMS

1.

.00

Inforrriat
DC Generators

A direct current. generator is very much like an AC generator. The big

difference is the commutator. A commutator is a rectifier which changes
alternating current into a one directional flow. Both AC and DC generators
produce alternating' current.. The commutator changes alternating current to
direct current.

DC, Design

A DC 'generator consists of:

4.

* A frame or yoke that supports,the field poles and is also part of the
magnetic circuit..

* ,Field poles that .are bolted to the yoke. These field poles or

pole cores are made of sheet steel laminations that are insulated from
each other and riveted together.

* Armature core consists 'of sheet steel laminations that'are keyed to a

shaft. The outer surface of the core is slotted to handle armature
cons.

*. Air gap is the space between the armature °surface and .the pole face,

Usually 1/16" to, 1/4" in length.

Ammutator -- is secured to but insulated from the shaft. It consists of
)a. number of copper segments that are assembled into a c inder with each
,:;segment insulated from the others with mica. The armature coil ends are
- -
,soldered to the commutator.

Altiushes -- provide the electrical connection between the armature and the
;90tside circuit. These sliding electrical connections are made of carbon
-and held, in place by spring tension.

* Field coils are placed around the pole cores and connected in series to

form.' a field circuit. The field cpils may be connected -9as

shunt field coils or'series.field_coils,

* Interpoles or commutator poles are small poles placed halfway between the
malt) poles. The iliterpoles are designed to improve commutation by

establishing a magnetic flux When current flows through the armature
circuit.



INSTRUCTIONAL: LEARNING SYSTEMS
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ONONIMMEN.

The following .diagram shows:the parts of a DC.genergpor...

Fled yoke

Series
frela 'coil

4

A dismantled generator with parts is shown in thefollowing picture`.

I1

Types_ of DC Generators,.

Direct current generators may be classified into three major types.

1. Series
2. Shunt ,

3. Compound

BEST COPY AVAILABLE



I e NAL L A NING SYSTEMS

nformation
Ap

1/

Generators may be cl ssified by_the way they receive their current..

/ 4
* Self-excit generators receive current directly. from. the generator

-terminals.

Separately excited generators use a separate source Of current to feed
the. shunt winding.

A' series type generator uses heavy copper windings about the field coils that
are connected in seriee.with the armature. Increases in armature current shows'
an increase in the voltage of the electrical current generated.
Ok

,

The sheht type. generator 'shows a decrease in voltage as the load is increased.
This is opposite to that of the series type generator.

In compounding a generator, both series and shunt principles are used to obtain
ea constant voltage under load. If the terminal voltage remains constant under
all load conditionts,it is called a flat-cam punded generator. If mare'ihanthe
needed turns are made in the series field, It is called over-compounded. Less
than the needed tuyns results in under-compounded generators.

Field Excitation

k

I

A field excitation system is all of the equipme t needed te.control, supply and
regulate thefield current. This section will deal with field excitation for
alternating current generators, Field excitation is usually provided by direct
current from a Dgenerator. ,.

'Exciters
C ".,

.

Exciters are self-excited or separately excited through i shunt field winding.
The exciters upy be conAected directly to the shaft (shaft exciter) or
separately driven '(notorsexciter).. An, exciter may be connected with the shaft
by mounting it diredtly on the, shaft extension (direct connected type), through
a direct connection to the shaft with a flexible coupling; or through a. gear
connection'to the-turbine generator. All of. the above are shaft exciters.

A e
6'

Motor driven exciters often use arge flywheels to take advantage of low
( commUtator speeds... .These units are aide in. large sizes.4 ,..

Or
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INSTRUCTIONAL LEARNING SYSTEMS

a

nforrriation
Field Circuit .121reakers

When dealing with urge field.. currents, there is a 'hazard when the magnetic

field collapses and 'high voltage surges -into. the field windingm. To avoid

damage from such.4oltage surges, 'an additional set of contacts are placed into

the field 'circuit, The contactsusea resister to 'absorb the voltage and

prevent it from damaging the windings.'

. Voltage Regulators
;

Voltage regulators automatically rai% oejlower the excitation level. of

generators.. When the regulator detects a change in voltage, it responds by

changing the field excitation. .
This permits the senerator to deliver output. of

a constant voltage. Voltage regulators are classified as:

Direct acting rheostatic regulators that respond directly to the

generator.

Indirect acting rheostatic regulator u0S an auxiliary apparatus- to

control a rheostat in the generato

* Static regulators that use a magnetic amplifier and an kamplidyne to

regulate the voltage.

I



°Assignment

Read pages 1 - 10 in "Direct Current Machines" of supplementary reference.

Read "pages 1 - 22 in "Alterm_qing. Current Generators" of supplementary

reference.

Complete Job .sheet.

Complete self-assessment and check answerp.,

AP
Complete post-assessMent and have instructor check your answers.

O
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Job Sheet

t.

COMPLETEVISUAI.INSPECTION OF AN AC GENERATOR.

it Locate an ACegenerator. (Preferably one that is. opened up for repair,

purposes.)

* Identify the parts of the stator, their design and construction features.

* Identify the parts of the rotor, their design and construction features.

Identify the field exciter and how the voltage is regulatdd.

A

4

I

29



I

Self
Assessment

'INSTRUCTIcitsiALI.EAANI146 AAA/tyke
1

.

Match the following terms and phrases.

1. Rotor 6

2: Commutator

3. Static type

4. Windings

5. Hydrogen

6. Core

7. Salient field pole

8. Stator

9. Shutt type generdtor
PoL

10. Series type generator

14

A. Used in generator cooling
system.

B. Shows.incredse. in.voltke
as armature currelt increases.

C. Built of segmented steel sheets,'
that are slotted.

D. The part of a gen ator that

is stationary.

E. Type of AC generat

4.*Fit into slots in e stator

-core"

116
G. A type of rec fier that

changes alter ting current

to a one - directs n flow.

H. Voltage regulator that uses
a magnetic amplifier.

I. The part of a generator that 1
rotates.

J. ShoWs decrease in voltage as
load is increased.

It

4
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Self Assessment
Answers

+1.

4.

5.

6.

7.

D . 8.

' 9.

B 10.

.4
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INSTRUCTIO AL 4 ARNING SYSTMS

*Post
'Assessment

A

ti

.
.q

,'.

1. When two generators are hoed together in parallel, they must be operated

at the same speed. What 4 that speed called?

4 _----

j!

2. What are the two major cO, ponents of a generator?
.,,

.
3. 44/hat is the purpose of Intilation slots in a rotor?

1

4. List two types of AC geyatorsi,

411, 5. Which type of AC generator is most commonly used in steam driven power

plants?

In a three-phase altetnotor, the windings are set apart by degrees.

7. What is the advaqage of three -phase electricity?

li

8. List three cooling methods for AC generators:

9. List three type of DC generators:

10. List two types of field exciters.

16

?"/
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Instructor
Post Assessment
Answers

1. Synchronous speed

,Rotor, stator

3. 661ing cf.the rotor

4. Salient field pole, cylindrical type

5. Cylindrical type,

120

4.

7. Stiooths out pulsations to give.even power flOw
! .

8.. Air, liquid, hydrogen

Series, shunt, compound

'. 10. Self - excited, separately excited

17

t.
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SOUTHERN ALBERTA INSTITOM OF TECHNOLOGY
CALGARY, ALBERTA

Correspondence Courses
Power Engineering

SECTION 5

ELECTRICITY

DIRECT-CURRENT MACHINES

This lecture will outline direct-curreiiit motors and generators with
regard to construction, type, performance and application. It will include

--"ortirTenviiltinstrieutarGerefu
of control of direct-current machinery.'

Second Class
Lecture 2

DIRECT CURRENT GENERATORS

A generator is a device for changing mechanical energy into electrical
energy. The mechanical energy is supplied to the generitor-drive and the
movement of electrical conductors in a magnetic field produces electricity,
as was shown in the foregoing lecture.

Direct current finds limited application at the present day, but d-c
generators are used for excitation of large alternators, for supplying power
station auxiliaries with emergency power, and for such uses as lighting ser-
vice, stationary-motor service,, traction-motor service, electric welding,
battery charging, .electrochemical processes and communication systems.

Fig, 1 shows the basic d-c generator. Here two eleCtromagnets are
mounted in a circular frame called the yoke; the magnetic-field circuit is
shown in broken, lines, The armature is rotated in this field and the gener-
ated.current collected through brushes on the commutator.

Fig. 2 gives an illustration of an actual machine.

Construction

(a) The frame or field yoke is steel or cast iron; it serves as support
for the field poles and also forms par of the magnetic circuit. The pole pieces
are made up of laminated steel plates riveted together and bolted to the yoke.
The pole face is made larger than the ain,body of the pole in order to support
the field coil a d.also reduce the reluc ante of the air-gap between field pole
and armature.

. (b) The armature is made up of laminations of soft iron sheeting .insulated
from each other by varni h1:. in order .to reduce eddy current, keyed to a spider
on the shaft, and bolted u between clamping rings.

1 It
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BASIC D-C GENERATOR
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(a) Field, showing yoke, main
poles and interpoles

(PE2-5-2-2)
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Armature

(b) Armature

D-C GENERATOR
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The armature coils are laid into slots in the armature core, the ends
brought out and connected to the commutator bars.

Fig. 3 shows a section of the arrangement. The commutator bars are
insulated from 9ach other and from the shaft.

4

4

V;e7/09.

itaggru4r7ag I

SECTION THROUGH ARMATURE AND COMMUTATOR

jj FOR D-C GENERATOR

F g.3

1. Soft iron stampings insulated
from each other.

2. Ventilation space.
3. Armature conductor (A)
4. Armature conductor (B)
5. Ventilation space.
6. Clamping ring.
7. Spider keyed to driving shaft.
8. Key or feather,

1

J4

3 7

O

9. Copper bar of commutator.
10. Mica insulation.
11. Clamping ring.
12. Spider keyed to dtiving shaft.
13. Key or feather.'
14. "Riser" riveted and soldered

to copper bar of commutator
and to ends of conductors
A and B.

15. Screwed locking ring.

(PE2-54:2-3)



Commutation

The action of a commutator is to reverse the armature coil connectio s
to the externa4 circuit at the same instant that the current reverses in the coils.
(See preceding lecture and earlier courses.) The-result is uni-,direction
current (direct current) in the external circuit._

In order tO,:accomplish this without breaking the continuity of current flow
. ,

tb the external circuit the generator brushes are arranged to bridge over two
or more segments... This in turn meas that while the brush is bridging two
segments it forms a short-circuited coil in the armature. If this short- circuited
coil is cutting magnetic flux at that time, it will, besides carrying the load cur-
rent, have. an E ',generated in it and v have a circulating current!

. IFurther this eo0,will form an indu circuit and will draw an arc if open-
circuited. In order tOathieve sparkles ommutation then, it is necessary to
erisure that the shoi-t-circuited coil does not have an E generated. at the time of
'leaving the brush:

I:

..)-hiS will only be the case if the brushes are correctly located atthe
neutral point where,the coil is cutting no'flux.

Armature Reaction

Fig. 4 (a), (b) ;.anal. shoWs the. effect known as "Armature Reaction'.

4(a);shOWs the magnetic field in a two-pole generator with no
current flowing in the armature conductors. The only effect the armature
has upon the:field is to cause the flux to take the easy path through a highly
permeable soft iron core.

1.(b). Stib.vs the magnetic field produced by the armature conductors
with load current:flowing through them. ( The field from the poles is entirely
omitted j,

1

Fig. 4(c) shows the interaction of these two fields and represents'the
conditions obtaining v.iltpn the generator is running on load.

Note, ifuthe first instance (sketch (a), that the points at which the
revolving conductors would be cutting no flux would be at 'Y and Y. A line
through y-v is termed the neutral axis. In the (c) sketch however, this
neutral axis.has now been displaced by armature reactiorr to the position Y'Y'.

The brush position necessary for sparkless commutation in the first
instance. is at Y-Y but in the last instance has changed to Y'Y' which means
that as load is increased upowthelenerator the brushes nriust be shifted
around in the direction of rotation.

.(pE2-5-214)
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Interpoles

The improvement obtained in commutation by brush shifting with changing
load can be achieved by the use of interpoles. These are small poles spaced
between the main poles and set to wipe the field caused by the armature
conductors. 'Fig. 4(b) shows that interpoles fitted to this machine would have

`to be S polarity (top) and N polarity (bottom) in order to achieve this object.
Or differently stated, the same polarity as the following main pole in.tlfti-d
direction of armature rotation.

These interpoles cannot neutralize the armature reaction entirely but they
can provide an opbosing flux which will keep sparking at the brushes to a min-
imum'. They will do their duty most effectively if the field they produce is

propor lona
winding is always a few Mikis of heavy copper, carrying the full armature
cr nt., in serfs with the armature.

The machine pictured in Fig. 2 is fitted with interpoles. Note that inter-
poles will only be found on d-c machines, an a -c machine has no commutator
and hence no need for interpoles.

Compensating Windings

Compensating windings carrying full armature current (as do the interpoles)
are sometimes fitted into slots in the pole faces. Their purpose is to neutralize

.

the effect of armature reactibn in the zones outside the influence of the inter-
'poles.

Neutral Position.

Brush position on the commutator of a d-6 machine without interpoles
required adittstment with load changes, as stated, earlier.' With interpoles of
proper design, the armature neutral, and consequenlly the brush positions
arc fixed. This position will be located and marked on the machine during
manufacture. Usually the brush carrier ring has slotted bolt holes and can
rotate in its machined spigot landing in the frame when the securing bolts are
slackened. The following remarks will give suggested methods of checking the.
neutral position if this should become necessary.

Before beginning such a cheek it would. b wise to see that the brush gear
is correctly fitted and in goo(I order. The brushes should be equally spaced
around the commutator, lined up with the segments, and properly bedded to the
surf They should be all Of the same grade. The field poles should be
checked-lOr tightness in the frame and the air -gaps between pole faces and
armature measured to ensure that they are uniforrp. These will vary with the
size of thel machine but will be about 1.5 to 6 mm .

1% (P14:2-5-2-5)
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1 ARMATURE REACTFN INA TWO-POLE

G-ENERATOR

Fig 4

Standing Neutral - The position of the neutral, with the machine
standing, can be most accurately found by use of a voltmeter or millivolt-
meter. Briefly stated the method is As follows: Connect a voltmeter between
4V0 and lye brushes; with the machine standing excite the shunt field to
about 25% of rated voltage. 9pen and close field sw,i,tch,and observe the volt-
meter. Shift the brushes until the meter, shows no defle'ction on making or
breaking the circuit hey will then be in the orretet.neutral position.

..y I
.,.

Runnirk Nbutra - A good check can becarried. out with the machine
being driven a's a go erator. A pair of test probes is connected to a milli-
voltmeter and the p obes set so that the distance between them is equal to
the width of one co tputator segment. Whenethese probes are placed on the
.com9putator surface with the machine running; the millivoltmeter will show
the voltage drop bet en segments. Then:by exploting near the neutral zone
a position will be foun where zero reading is obtained on the millivoltmeter
and this will be the ne tral point.

(PE 2-1J- 2-.(i)
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TYPES OV D-C GENERATORS

There are three main types of d-e- generators: Shunt, Series, and Compound.
Fig. 5 shows in sequence a Shunt-wound, Series-wound and two types of Compound-

, wound generators.

Note that all of these machines are self-excited, that is their field current
is supplied by their own armatures.

Fig. 6 shows a machine operating with excitation.supplied from a separate
source. ,

When a generator N in operation, whetter on load or running light, the Vunt
field is always excaed; the series field on the other' hand is' only excited when the
machine is delivering a load current. From this we can see that a series generator
will have very 1)ow voltage when the machine is at no-load, whereas a shunt-
generator will have fairly constant voltage at all loads.

.1

These facts. influence the .enerator-operating characteristics.

Shunt-
Generator

Shunt
Field

CW111)01111(1 W01111(1

Short -Shunt

Series
Field

44EI,F-ENCYFEI) D(C GENERATORS
Fir. 5

rn
Separate

Source

SEPARATILY EX('ITEJ) 1)-c, (.;ENEKATplt
4:sig. 6

4

4

Series-
' Generator

om pound-Wound
Long -Shunt

(14:2-5-2-7)
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generator Characteristics

One of the most important characteristics of any generator is the variationin its terminal voltage with changing load. This voltage change measured between`no-load and full-load is called the voltage regulation, or simply regulation, andwould be discoverrd by experiment, for any particular machine.,

This characteristic is important when choosing a, generator for a particularduty; it is expressed as acurve of voltage plotted against load' (voltage regulationcurve) 'which is derived ftom readings taken during a test in which the machine isrun at constant speed, with field excitation set to give the rated terminal voltageat full-load. No adjustments are carried out during the/ test.
~Expressed as a percentage this is:

Regulation = No-load volts - Full-load volts%
Full-load volts

The following regulation curves show the voltage characteristic for each ofthe generatos types in turn. (For convenience, Fig. 16 (a) to (e) of the previouslecture, shAving the machine connections, has been repeated. )

Separately Excited Generator

.4T Drop due 1 o :
laRa

2. Armalure
readion

Load current

Voltage Regulation Curve

F
Machine Connections

The voltage decreases with increase of load current because:.
(a) The armature circuit resistance increases, and
(b) The armature reaction reduced the effective. flux and consequently theemf.

Note again that these curves are drawn for a fixed position of the fieldrheostat.

The separately excited generator has a decided advantage over the self-excited machine in that it will operate in a stable condition at any level of fieldexcitation. This characteristic makes it parti ularly suitable as an exciter fora central station alternator. In this plant-arr ngement the exciter (the separ-ately excited generator) is driven off the math 'turbine shaft together with asecond or pony exciter which supplies the fieldef the first.
(I)E2-1)-2- 8)
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Shunt - wound Generator

1niodoe)b:
z aRa
2. Armature MOCIA94.
J. Ntakened

11._ shunt 'kW

ao
load arrvnf

C I

Voltage Regulation Curve Machine Connections

Fig. 8

The terminal voltage decreases with increase of load current for the same
reasons as the separately excited machine but the effect is more marked. This.
is because in this case the shunt field is weakened by the reduction in generated
E.

A self-excited generator depends in the first place upon the residual
magnetism in the field circuit to Build up terminal voltage as the machine is
run up. Failure to build up voltage may be due to the loss or the reversal of
this residual magnetism. 'It can be restored by passin i 7 current through the.
field coils; a 6-volt storage battery will usually be sufficient for the purpose.

Before deciding to "flasraTt field coils to restore the residual magnet-
ism, care should be taken to see that the whole .of the field circuit is in good
working order since a fault here could also prevent voltage build-up. The
commutator must be clean, the brushes clean and the.brush-connections good.
The field coils should be checked for open-circuit and for short-circuit.

Series-wound Generator

Magnet/rabbi'?
Dcures rop due In

Armalurr readian
2. IR_drop ir)arma1ure
-arid series field

Exkrna/
/

.tharaclerkilic

Load current

Voltagelation Curve Machine Conn4ctions
Fig. 9

The series-wound generator is a self-excited generator Which has armature
and field connected in series. The initial. E generated depends upon residual
magnetism, the fieltfurrent is also the load current so that full flux and there-
fore full voltage cannot be achieved until full-load current is flowing.

11)E2-5-2-9)
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Compound-wound Generator

"Short" shunt
,compound-wound

- 10 -

-S

Load current
Voltage Regulation Curves

Fig. 10
The compound-wound generator combines the principles of both shuntand series machines and is the design which finds mostmpplication.

"Long" shunt
compound-wound

Over compbunded

F /at compounded
.

Under compounded

The relative strength of shunt and series fields can-be chosen so thatthe regulation curves show rising voltage with load (over-compounded 'machine)or falling voltage with load (under-compounded ma ine) or a constant voltage
from no-load to full-load (flat-compounded machin )..

The winding may be connected so that the shun field is in parallel withth armature only; this is called a "short" shunt. lternatively the shunt fieldrnv be in parallel with armature and series field; this is called "long" shunt. .The operating characteristics of both connections are very similar.
Generator Voltage Control

It is possible to prevent the terminal voltage of a generator from varyingwith the load by controlling the field rheostat so that the field current and hence
the magnetic flux is adjusted for each' change in load.

Eor example, an increase of load would cause a drop in terminal voltage,
to counteract this the field resistance must be reduced. This will allow greaterfield current flow and increase the Mix density. From the discussions in the 'Inieced-ing lecture it will be recalled that the generated voltage is directly proportionalto the rate of cutting lines of force.

The required movements of the field rheostat may be carried out by hand orinay.be automatically controlled. There are several automatic voltage. regulatorsavailable: Tirrell, Diactor, and others. /All work on the fundamental principlethat a terminal voltage change calls for an inverse change in flux.
(PE2-5-2-J 0)
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Parallel Operation of 120;TC Generators

When more than one generator is required to supply a load and the machines
must be run in parallel, precautions must bie taken to see that they are "stable in <4

thdir operation. In other words they must'eaeh be able to maintain their reqUired
portion of.the load deSpite any small temporary fluctuht.ions in speed or Voltage."

This stability will only occur when the generators used have "drooping char-
acteristics" (decrease of terominal voltage with increasingload). Shunt-wound
generators show this characteristic (see Fig. 8) airid are thus always suitable for
parallel operating; series -wound generators-are not. Compound-wound gener-
ators may have a "rising characteristic", that is, thelerrninal voltage increases
with increasing load if they are over-compounded machines.

In a case where two over-compounded generators are run in parallel
consider the sequence of events which would follow a momentary increase of
speed of'one of them. The terminal voltage of thin machine will increase: it
will then

the
more load current. The increase loadrcurrent will flow

through the series field and cause a further increase in p.d. This sequence will
continue provessively until that machine has taken all of the load and is driving
the other asLa ;rotor. The arrangement would be inherently unstable.

Two machines in sirpilar circumstances but having drooping characteristics
would react as follows; The machine which speeded up would supply more load
current because of the increased terminal p.d. but this increased load would
bring decrease in voltage instead of increase and consequently no teritteura_k6
pick up any more load. ..As soon as the temporary speed increase had gone the
two machines would resume their load sharing as before.

Equalizing Connection - The flow of load current through the series-field
windings can be equalized by.the connection shown in Fig. 11. In this case the
corresponding ends of the series fields are connected together so that the two
series-field windings arc ,operating in parallel. Any variation in either machine
terminal voltage now `will Krause a change in current flow in both series-field
windings and will not cause unbalance. The load which eachsnachine carries will
be determiped by the shunt\fieold and can be set by the positiot of the field rheostat.

To
-Bus

To

Load 4 - + Bus pi Load

Voltmeter

Load
Ammeter

Main
Switch

load
Ammeter

Main Switch'

Series
Field

ua izer

III III 411 I

hunt Field
Field RheostatField Rheost

111111111

PARALLEL CONNECTION OF COMPOUND GENERATORS

SHOWING USE OF EQ LIZER BAR
F1 g I I
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t2iBr.: MOTORS

There .are three general types of d-c motors, classified (like the d-c gen-erators) according to the method of field excitation used. The three types areShunt, Series and Compound -wound motors., They possess certain individual tcharacteristics which depend upon the winding. ' f
There is one characteristic however which is common to all d-c motorsand.this is the ease with which speed control can be achieved. There is nodoubt that this advantage is responsible for the choice of d-c motor-drive inoktpreference to alternating current f many applications.
IY-c 'motors will show character sties regarding starting torque, overloadcapacity and speed variation with load changes. In orderjamarneasure these themotor must be run from a supply with the voltage remaining conseant. It mustbe borne in mind that these characteristics, determined by experiment, are theinherent characteristics and do; not incite any manual adjustments.
The selection of the correct motor for a particular application will becarried out largely by matching the.load requirements with the known motoroperating characteristics,

Operating Characteristics'

Dealing with each'of the three d-c motor types in turn:
Shunt Motor - This motois classed as a constant-speed motor, ..Verylittle change will take place in its speed over the whole range of load..Speed,control can be carried out by adjustment of the field rheoSta. Note thatweakening the field increases the motor speed. At no time must the'fieldciquit be opened if the motor is running unloaded. The increase in motorspeid would be excessive and dangerous,.
The shiint motor is useful Where a constant speed is requite0.
Series Motor - Since the armature current bf a series motor passesthrough the field, a change in load causes a change in both armature currentand field strength. Increased load will increase both armature current andfield strength and consequently slow the motor:down; conversely light loadwill allots the motor to speed up. At no time should the load be removed corn-pletelyfrop a series:motor. The motor speed will increase to dangerous pro-portions.
Note, that the torque increases-yery rapidly at low speeds and this makesthe series m0)17 particularly useful for starting againsttheavy loads such as isrequired for Crane work or traction purposes

4.
Compound'Motor The compound motor combines the characteristics ofthe shunt and series motors. The speed reduction with load(the regulation)is greater than the shunt motor.
The torque increases more than 'that,of the shunt motor with increased load,.The coirtpoUnd motor finds use where a fairly constant speed is required toother with the ability to handle sudden heavy loads.

-

(PE2-5-2-12)
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Starting

All d-c motors, with the exception of very small motors (fractional power up
to about 0.5 kW) require starting resistances in series with the armature.

It was shown in the previous lecture that the armature current' of a d-c motor
when running,Vwill depend upon the difference between the applitid and back E's.
At the instant of starting the back E is zero because the armature is not revolving;
the resistance of the armature winding is very small and therefore excessive, and
damaging amounts or current will flow in the armature winding unless some resist-
ance is added. r .

As the motdr speed increases, the back E will increase end the starting re-
sistance can.be reduced. See' Example 1 for illustration of this point.

t4;

Example 1
A 7.5 kW motor has an armature resistance of 0.5 ohins, supply voltage is

!li230 volts. What resistance is nece k ry in the armature circuit to.restrict the
starting current to 11 times the ful l ad value. of 40 amps? To what can this re-
sistance be reduced, when the back E has increased to 17Q volts? What would
e the armature current flow if no resistance were inserted?

lution

Armature current Applied voltage back E
Armature resistance

Armature current is to be 1i 40 = 60 amperes

Applied volts = 230
Back t (at 'start) = zero

Total armaturl resistance -= 0.5 + R ohms

Starting resistance R (230 0)
60

3.33 ohms (Ans.)

When back E is 170 voks,,
reduced resistance R2 (230 170)

0 . 5
60

0.5 ohms (Ans.)

Ar lature current without starting resistance
2:30 - 0

0.5
= 460 A (Ans.) (which is 11 times

normal full-load current)

47

(14:2-5-2-13)
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Fig. 12 (a), (6) and (c) Shows the three types of d-c motors: Shunt,
Series and Compound, with starting resistances. Note that in each
case .this is connected in 'series with -the armature*ding,

Small d-c motors (below 1 kW) are started direct on line volts because
the resistance and inductance of the armature winding is sufficient to
restrict the starting current to a safe figure.

Further, this starting current is reduced very rapid; because the
motor will accelerate up to speed in a very short time.

Variable Starting Resistor+.

Movable
Arm

(PE 2-5- 2,-14)

to Shunt Motor

4

To
Power
Source
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Variable
Series .Starting
Field Resistor

To

Power
Source'

Series Field

To
Power

Source-

(c) Compound Motor

Series Motor

D-C MOTOR STARTING RESIS9ORS

Fig 12
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Automatic Starters

Automatic starting of motors has stveral advantages-over hand control. Thc;.settings on the starter can be arranged, to give uniform acceleration throughoutthe motor run -up,. old chances of impropet operation which occur under handcontrol are eliminated..

Basically, there are three types of automatic starters, namely: counter-Ecurrent limit and time limit. The first are sensitive to voltage and will act to outout the armature res,i4tanee in steps as the motor back E. builds up. The second
measure the armature current flow and reduce the resistance in the circuit as thestarting current decreases.. The third operate strictly on a time basis mit will ,cut out armature resistance steps at definite time intervals.

Fig. 13 shows a wiring diagram for an automatic starter of the .counter-Etype with voltage-sensitive relays. Relays A, B and C are connected across the
motor terminals where they measure theiarmature voltage; this will increase asthe back E builds up.

The moto`r is stIrbted by pressing the start button; this energizes the maincontactor M which instantly closes the main contacts MX: to start the motor, andthe auxiliary contacts Ml; to seal the start button. The-motor therefore startswith resistances RA, R2 aril R3 in series with the armature. As the speed increasesthe rising terminid p. d. energizes the relays A, -11 and C in sequence.
Relay A will be energized at about 40% voltage, relay B at CO% and relay Cat 80% Each relay Operates-to cut out armature resistance. Relay A closes thecontacts AX energizes the main relay Al which in turn closes AD( and shorts outthe R1 section of the resistance. When all resistance has Been cut out the motorwill run until either the stop button is pressed or the contacts'OLopened by oper-ation oG the overload relay OE,. In either ease the motor will stop and will not re-start until the whole starting procedure is begun again.

. 14 shows a current limit typeeof motor starter. This type employsseries r,vlays SRI.2 and 3 which are sensitive to the armaturc.current-flowing:
the reoperate the contactors 1A. 2A. 3A which in torn control the contacts IAX
2AX and 3AX

The motor Is started goy pressimi the start button as before: relay M isenergized and closes contacts MX and M I. Current.then flows through the arma-ture, the three resistances R1, 112,0nd R3 and the series relay SRI. Heavystarting current through this relay causes it to open the (normally closed) contactSR IX. Contacts M2 net close under the action of the main relay M. This oper-ation has been arranged to have a time lag which is sufficiept to allow SR IX contactsto have'heen opened first.

Decreasing armature current. as the motor speedS up and generates counter-einf,, is measured by the relay SR1 and used to re -close contacts SR IX at therequired figure 'Contactor IA is now energized and closes 111 ain contacts i AXand auxiliary contacts IA. The section of armature resistance RA is thus shortedout and the armature current flows through 1t3, R2 and series relay SR2. .

(14 :2 -b -'2- lb)
i
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The sequence is repeated until all armature resistance is cut out, the
motor then runs at normal speed until either stopped by hand or tripped on

$overload. s

This curren limiting type of starter has the advantage that the motor
will starttquickly o light load and ,more slowly on heavy load.

Fig. 15 shows a compound-motor starter which operates through definite
time-lag relays. The contactors IA, 2A, and 3A-have time- closing ^contacts
which are energized in sequence. beginning with the main contactor M(oper-
ating auxiliary contacts M2).

When all have closed and have cut out the armature resistances R1, R2
and R3 (nor 11s closed) contacts 3AX are opened and the final hkotor speed

ance in the sh t field. The motor is stopped in the same wait as in the counter-'
adjustment a control is carried out by variation of the field rheostat resist-
ance

and current-liinit.,starters.

1egcnd (Common to Figs. 13, 14 and 15)
Relays: Voltage Sensitive (A, Band C - Fig. 13)

Current Sensitive (SR1, 2, 3 Fig. 14)
Control Relay (CR - Fig. 15)

-,,1 Overload Relay (OL Figs. 13, 14, 15)
Contactors: Fig. 13 M, Al, Bl, C1

Figs. 14 and 15 - M, 1A, 2A,--3A
Contacts: Normally Open 11; Normally.Closed jr

Counter-E Type
Fig. 13

MX

Shunt field

RI RZ R3

OZ. Int.
fief

Stop

AIX 131X .CIX

AX

BX

AUTOMATIC STARTER FOR D -C SHUNT MOTOR
(1)E2-5-2-16)
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JAX 2AX 1AX
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SR2X
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Field rheostat

Start
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'<.;- Motor Speed'

It was shown' in the previous lecture that the force developed by a d-c motor
was given by the expression:

F BxIxL newtons
where B = fluxodensity,(tesIas)

I current in the armature conductors,
amperes

L = the conductor length (m)
Also that Ithuature current was given by:

I. Applied voltage - Back E
Armature resistance

Consider the. effect of a reduction in the' field strength of a d-c motor as it is
running. The back E is 'immediately reduced and consequently the armature cur-
rent inereases. Thisiwrease in' armature current I will be proportionately
greater than the reductiOn in field strength B and will result in a greater motor
force' and an. increase in motor speed.

Example 2
The field strength of .a d-c motor is reduced by 5% while riming. Determine

what effect. this has upon the motor speed, given that the motor. operates on 220
,ivolts, its armature resistance is.0.3 ohms and it has an armature current of 25 A

flowing:

Solution

Force at first
Torque or T

or T

B x I x L newtons

x I xK Nm

B x 25 x K Nm

is a constant that includes the radius at which the ftrce is acting
and Back F, El) Et Mita (see Page 24 of the

previous lecture)
F1 '2U 25 x 0.3

212.5 V

When the field strength is -reduced by 57 the back E is also reduced by 5r,; .

Back E, Eh now

Armature current now'

(1)E2 -5 -2-18)

52

212.5 x 0.95
202 V
Et -Lb

Ra
- 202

0.3

60 amperes
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Motor Torque now = B' x1' xK

= 0.95 x B x 60 x K

. Torque increase . 0.95 x 60 x K
B x 25 x K

= 2.28 times (A s.

The result is that the motor speed will increase until rising back-emf limits
the armature current to some value which is just enough to carry the motor load at
the higher speed.

Weakening the field of a d-c motor is seen to increase its speed and conversely,
strengthening the field will slow the motor down. Control of a d-c motor speed
then, can-be carried out very simply, and over an infinite number of steps, by
control of the field current.'

Speed Control of D-C Motors
a

D- c motors lend themselves readily to speed control by variation of either
the armature current or field strength. This can be done in the three types of
motor by the following methods: a

Shunt Motors
by inserting a field rheostat in the field circuit, by inserting

resistance in the armature circuit, or by varying.the armature ;

circuit voltage.

Series Motors
by inserting resistance in the armature circuit.

Compound Motors
by Inserting a field rheostat in the shunt field, by inserting

resistance in the armature circuit, or by varying the armature
circuit voltage.

A.

The addition of resistances to the armature circuit was madeuse of in the
starters shown in Fig, 12.

Whenever a starter is equipped with some means for varying the speed of
the motor to which it is connected, it can then be truly called a controller,

53
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If the armature resistances in Fig. 12 are arranged to be varied when
the 'motor to on load then these become controllers usistgrthe armature
resistance principle.

An example is shown in Fig. 15 (page 17) of a motor controller using
a field rheostat for speed control of a compound-wound motor.

Controllers which use the principle of variation- of armature circuit
voltage require two separate d-c supplies for,theecontrolled motor: one of
fixed voltage for the shunt field and one for varying voltage for the armature.
This method can of course only be applied to shunt or compound-wound motors.

It*

The arrangement is shown in'Fig. 16 and is known as the Ward Leonard
system.

A constant-speed a-c motor is useg to drive a d-c generator and an
exciter. Thetexciter supplies constantiitoltage d-c to the shunt fields of the
generator and the controlled" v.ot-e-i.N4riation of the sh t field current to
the generator by means of Alield rheostat will result variation of the
generator output armature current and hence the speed of the controlled

"motor

The'advantage of this system is that it gives speed cont of over a
very wide range with a virtually infinite number,of steps. Th gives th
control required for such motor applications as passenger e.lev rs, anes,
paper mills, etc.

1'

Shoff to
Mechanical

Load
AQ,

'9

I Ph>2-5-2-20)

Rheostat for Speed A*;tment Exciter

AC Motor-

Driven Motor

A-C Power Supply

WARD LEONARD
METHOD OF CONTROL

Ej.g._16
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POWER LOSSES IN D-C MACHRIES

The losses occurring in d-c machines are classified as rotational losses
and electrical losses.4 and can be listed as;

I. Friction losses - 111

due to bearing friction, brush friction and windage (wind
friction).

2. Iron losses
these occur in the magnetic cArcuit due to eddy-currents
and to hysteresis.

3. Copper losses -
due to the resistance of armature and fielfi windings, .They
repreSent electrical power (I2R) turned into heat.

4
The efficiency of any machine is given by,

Efficiency= Output
Input

In the case of a gener3tor the output will le the electrical power sent but
while the input will be the mechanical power used in driving the machine. In
the- case of a motor the reverse is true, output is mechanical power,, input is
electrical supply.

9 AI

In either case the output will be the input less the losses, or

Input - LossesEfficiency Input

This indicate at there are two possible ways in which the efficiency
of a machine may be found. By measurement of the total input andsthe total
output, or by calculation of losses.

When finding the efficiency of a motor, the first method would require a
dynamometer to measure the output mechanical power or in the ease of a
ty,sneraor, a calibrated 'motor to measure the mechanical input. These tests
:ire difficult to carry out, particularly on large machines, so the second or
loss method is 'generally used. Furthermore the loss method is,amore likely
to be accurate. The total losses will only amount to 5 or 1.0% °Mile output
hence an error here will have. proportionately less effect than if made in the
measurement of total power,

These losses can be calculated after resistance measurement hasbeen
made and the friction and iron losses determined by test,

The following example shows the application to a generator efficiency
calculation.

(PE2-5-2-21)
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Example 3
A shunt generator has the following particulars at full7load rating: output

10 kilowatts, volts 230, armature circuit esistave.0.4 ohms, field circuit
resistance 192 ohms, friction and iron losses combined 750 watts. Calculate
the goiteraltor efficiency at this load.

4

Solution
Generator-Efficiency Output

Input

Output = Input - Losses

The losses will consist olCopper loss + Iron loss + Friction loss
and the Copper loss = Armature 12R + Field Circuit 12R

10, 000 wattsGenerator Output Current = 230 volts
43.5 amperes

Field Circuit Current 230 volts
192 ohms ,

1.2 amperes
Armature Current = 43.5 4 1,2

44.7 ampereS

Armature I2R = 44.72 x 0,4
= 798 watts

1.22 x 192
276.5 .

dokr.
Total Copper loss = 798 4-276.5

Field Circuit I
2R

Total losses at full load

Generator Efficiency

1074.5 watts

1074.5 + 750
1824.5 watts

10 000 watts
10,000 1824.5

0.846

...8410(Y0 (Ans.)

The efficiency of a d-c motor may be calculated in exactly the same way from
measurement of the gircuit resistances together with a test to find the rotational
losses. (The motor is run at rated speed'.but no load and the .measured input will
give the no-load rotational loss.)

(1)E275-2-22)
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It is important that the efficiency of d-c machines:should be high since the
losses in the machine will be transformed into heat, and if large, would result.
in excessive temperature rise. The specified allowable temperature rises in
accordance with 11, E. M. A. standard.are:

400 C rise for a machine with dliss A insulation, maximum
allowable total temperature of 105° C.

700 C rise allowed for a machine with Class B insulation, maximum
allowable total temperature of 130° C.

Class A insulation consists of cotton, -silk, paper or other organic Materials
impregnated with insulating varnish, Class A is considered standard insulation
and will withstand the conditions found in the majority of applications,'

Ratings of Generators and Motors '44 I

Generator ratings are quoted in kW-output at a given speed and voltage;
motors are quqted on power-output at certain speeds and supply voltagils. The
machines are designed so that the temperaturerise will not exceed the.allow-....

able maximum when run at these rated loads.

Machine ratings are sometimes given et. an intermittent basis (instead of a
continuous rating) and in this case the machine design will be smaller. Reliance
is placed upon the cooling which wilrtake place during the off-load periods to
keep the temperature rise.w(thin the allowable limits.

t

Conversion Machines

It is frequently necessary to change the available electricity supply either
from alternating current to direct current or vice versa to suit one particular
piece of machinery, Or it may be required to change a d-e supply voltage or to
change an 'a-c frequency of even the number of phases in the .supply.

Machines which are used for this purpose are either convertor's or rectifiers,

Rotary convertors (also called synchronous convertors), and M.G. (motor-
generators) sets change alternating current to direct current. Frequency convert-

. ors change a-c supply at one frgquency to 'a -c supply at another frequency. Phase
eonvertors change a single-phase system.supply into polyphase (two or three phase).

. Rectifiers_are used to change alternating current to direct current. For small
ainiumts (if powe%, copper oxide or selenium is used for largo amounts of power,
mercury are or silicon rectifierare used. The commutator and brushes on the j
armature 14 a d-e machine ari' iii themselves a form of mechanical rectifier since
the current generated in the armature winding, is alternating.

\Vlu the supply voltage of a d-c' system must be changed to) a i()WCI IQ' higher
value, a dynamotor is otten used. This is a rotating machine, essentially a d -c
motor but carrying on its armature separate windings, led to a separate commu-
tator which form a generator. 1These windings arc arranged to give the required
new output voltage The one machine acts as a motor, taking power at the voltage
of the supply system and as a generator, supplying the same amount of power (less

- the losses) at the required new voltage,

The remainder of these machines will be described in liubsequent lectures on
electrical. equipment.

57
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91JESTION SHEET

POWER ENGINEERING
Second Class
Sect. 5; Lech

I (a) Explain why it is desirable to have d-c generator brushes
located at neutral points.

(b) What is the purpose, on a generator without interpoles, in
shifting the brushes as the load changes?

2. (a) Sketch the arrangement ofothe following d-c generatorS: series:
wound, shunt wound, compound wound.

(b) Give the operating characteristics of the .above generator types..
(c) Discuss the advantages of the separately-excited generator over

the self-excited type.

3. (a) When SI -c generators are to operate in parallel, why is it desir-
able that they have drooping characteriatics?

(b) Explain the purpose of an equalizing connection used with two
compound, generators operating in.parallel.

4. Discuss the'operating characteristics of the series, shunt and
compound motors.

5 Describe briefly the principle of operation of three different types
, of automatic starters for d-c motors.

6.. (a) Describe the general methods used for controlling the speed of
shunt, series and compound motors.

(b) Sketch and describe the arrangement of the Ward-Leonard speed
control system.

7 (a) Describe the most accurate method of determining the efficiency
of a d-c generator.

(b) A shunt generator, when supplying full load requires 130 kW to
drive it. Voltage developed is 110 volts. Friction and iron losses
4476 watts, armature copper loss equals 3500 watts. Field circuit
resistance equals 10 ohms. Calculate. the output and the percent
efficiency.of-this machine.

8, What are the purposes of the following machines: motor generator sets,
dynamotors, rectifiers, phase convertors, frequency convertors?

lIescrihe the general construction of a d-c generator.

10. The efficiency of 7.5 kW shunt-wound d-c,motor is 90% and supp
voltage is 220 volts. Resistance of shunt is 50 ohms and armature:
rel,istance is 0.2 ohms. Calculate the supply currelfit and the valbe of
the starter resistance if starting current through the armature muftt
hot exceed 11 times the running current through the armature.

58
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SECTION. 5

ELECTRICITY

SOUTHERN ALBERTA INSTITUTE OF XECIIN,OLOG,Y
CALGARY, ALBERTA

Correspondence Courses
Power Engineering

ALTERNA'T'ING - CURRENT GENERATORS

Second Class
Lecture 4

The basic theory of generation as outlined in ithe first lecture of this
section, showed that all generators, whether alternating or direct current,
produced alternating current in the first place; the, (1:-e machine must
then use a commutator in order to rectify to direct current.

It was further pointed out that E would be generated if a conductor was
cut by magnetic lines of force regardless of whether the conductor or the
field was the one in motion.

With this ip mind it can be se y...n that a-c generators can be constructed
either to have the field.stationary\or rotating.

In the great majority of cases the field will rotate, the reason being
that the rotating member must be supplied through slip-rings and brushes.
It 'is much more, practical to supply a small quantity of low-voltage d-c
power to the field coils than to collect large quantities of high-voltage
alternating current,

There are two distinct types of a-c generator field structures: the
tpsalien ole type and the cylindrical type. Slow-speed generators such as

those driven by diesel engines or water turbines have rotors with project.).
lug, or salient, field poles. Steam and gas turbine-driven alternators
will have cylindrical-type rotors.

Fig. 1 shows a multi-pole, 240 rev/min, k214O kW, 60-hertz Allis.
Chalmers generator.

Fig. 2 shows a two-pole, 100 MW, 3000 rev/min, 50-hertz machine.

The relation between ma hine speed, number of poles, and frequency,
as given previously is

Frequency (hertz) poles x rev/min
120

,18.2



e.41.g. 12 shows the gas paths direp-cooled alternator.

This method of cooling has only become feasible with the achialpt of 'hydrogen-
cooling:because of its extreme cleanliness in.comparison with air.

Liquid-cooled Alternators

Direct cooling of the conductors in the stator windings of alternators in recent
designs has-been carried. out by circulation of liquid through hollow conductors.. '!
The advantages to be gained througlpnore effective cooling of the stator windings
are increased current densities in.the stator copper, and consequent reduction in
overall' mass-of the machine for any given output,4

ThevAquid chosen as most suitable for this method of cooling watt water.: The:,:
generators being installed in Lakeview Power Station employ water cooling in...the_stator windings. Stainless steel manifolds carry the cooling-water supply to and
from the ends of the hollow copper conductors . Plastic insulating hoses are usedfor the connections.

4 1

Water of high purity is used to ensure low electrical conductivity and so mini-..mite the losses due to leakage.current flow; however, it has been estimated thatit would be quite possible to use most ordinary tap waters (aside from the problemof scale).

.. Fig. 13 shows a sectional sketch of a hydrogen-cooled generator with water-cooled stator.

Alternator Windings

The type of winding most_generally used in alternator stators is very similar
to the cl -c "lap winding". The coils upon the d-c armature were joined at the com.;-..mutator; in the case of the alteAriator stator the coil ends are simply.'connected
externally in the correct sequence.

1./)
.

. ,

"twee separate windings, are formed, spaced 120 electrical degrees apart .andthe rids of thesewindings connected in star (or wye) arrangement. This allows ther .utral point to be brought At for grounding.
a

The rotor is s pplicd with direct current at a low viltage (110 to 220 volts)
through two.shp- ings and brushes. In a salient-pole type each pole has antex-('iling winding. n the eylimlrical-rotor type the winding is made concentric
around the two or four) poles. D-c supply is taken from a small d-c generator,the exeiteniof hick may be driven from the main machine shaft or separately. '

(4;2-54-14)
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Alternator Voltage

The thliount of any generated E depends upon the eztte at which lines of
force are cut.

10 lines cut per second or I weber/second 'produces'l volt see the first
lecture of this section.

4

For any given generat6rAhen, its terminal voltage will depend upon the.
number of conductors, generator speed, and the fiel0 strength. The machfne k

speed and the number of conductors will be fixed so that-the emf becomes deperi
dent upon the field excitation aid this can be controlled at the exciter by variation
of the field rheostat,

Alternator Regulation

loading an alternator will affect its tcrniinal voltage, as was the case with
the d-c generator, but now the amount of voltage variation will depend upon the
type of load applied.

If the load consists of pure resistance items such as fighting and heating
units, then the pf will be unity and the terminal voltage drop will be about 1% to
10% between no -load and full-load. 4

A lagging pf load such as induction motors, fluorescent lighting, electric
welders, etc: will cause the alternator terminal voltage to drop as much as 25%
to 50% between no-load and full-load,

Leading pf loads however, will,tend to raise the alternator voltage. ,
el

The amount that the terminal voltage will change between no-load and full-load
will depend, as previouslystated',upon the character and the amount of load ap-
plied.

__ The percentage regulation formula used in the study of d-c generators,
plied equally well to a-c generators, that is,

(No-Load Voltage - Full-Load Voltage)
Per cent regulation = x 100Full-Load Voltage

Where full-load voltage is the rated voltage at full-load and the no-load
voltage is the voltage obtained after rejection of full-load at rated voltage.

The regulation which is to be expected from an alternator will be eater
than that of a d,rc machine due to the reactance effect of the stator, windings and
particularly so in the case of low lagging power factor loads.

This condition is made worse where the alternator is supplying load through
a long transmission line, complete with reactors and transformer's, so that
voltage at the load terminals will vary greatly with load changes.

(PE 2-.5-9-16)
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Large voltage variations are n'ot.acceptable to consumers of electricity,
and partictil4r1Y not to itidustritiFtonsumers and so a quick acting and positive'.
control of alternator terminal voltage:is essential. This need is filled by the'
Automatic Voltage Regulator,

Voltage Regulators

A genCiator vb ltageregulator. :is a device that causes the excitation of
the generator to be autoniaticallyraised or lowered in order that the output
voltage can be maintained within predetermined limits. It must be able to
detect a change in voltage, respond to make the necessary correction in
field excitation, and stabilize against hunting.

'Ge erator voltage regulators are classified by their means of operation.

Direct act heostatic.regulators adjut the field strength of .a
generator directly, without any intermediar pparatus. They give quick
response and close regulation. One Well known example of this type is the
Westinghouse "Silverstat".

Indirect acting rheostatic regulators use auxiliary apparatus to control
the movements of a motor-operated rheostat in the geperator field-circuit.
This type is used in large installations.

Static regulators have no moving parts, and util a magnetic ampli-
fier in conjunction with an amplidyne to provide-the necessary regulation..

Alternator Power Factor

The power factor of the syistem supplied by the generators will be
determined by the characteristics of the load' competed. In the case of one
alternator only supplying the load, its power factor will also be that of the
load

Where two-or more alternators supply a system (by far the more common
case) the pf of each can be controlled individually by alteration of its excit-
ation.

If the excitation of a generator operating in parallel with others is
increased beyond the amount requir6d to give normal terminal voltage for
the load condition, its pf will change in the lagging direction. Its current
output increases also without appreciable change in kW load output.

Conversely if the generator is under-eXcited tits pf becomes leading ECM
the current output again increases without change in kW output.

Control of alternator pf is usually carried out by had d oPeration of a
trimming resistance in the voltage regulatctr circuit.

0-63
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Parallel Operation of Alternators

ynchronizing

AlternatingLcurrent power systems generally consist of several generat-ing machines connected inoarallel to common bus bars which supply the systemload. Moreover it is common to have interconnection between local systems
through transmission lines. This demands that tny generator which is to be
switched in to:the system must fulfill the synchr;onizing conditi s.

These are as follows:

1. The alternator terminal voltage must equal that of the system.

2. The alternator frequency must approach that of the system withinclose limits.

3. Phase rotations of alternator and system must be the same. That is, ifthe system bus bars are designated Red, White and Blue and the maximum of4
the voltage waves of these three phases occur in the sequence Red, White, Blue,
then the incoming machine (which is tone connected Red to Red, Blue to Blue,etc!) must allo have voltage maximums occurring in the phase sequenOe Red,White, Blue.

4. The alternator voltage must be in correct phase relationshipiWith thesystem, that is, both will'reach maximum at the same instant.

The process of synchronizing may be illustrated by the fellow g diagrams
of the-incrOMingmachine and the system voltage waves, shown on lg. 14.

The series Of operations required to bring about the above c nditions and
to close the switch are known as Synchronizing.

Taking each in turn:

Condition1 is fulfilled by adjus g the alternator-field rheostat, after.running the machine up to approxi ately full speed, until th terminal voltagematches the system voltage. Implicit in this condition is a o a demand that the
shape of the incoming machine voltage wave will correspon closely with thatof the system.

For condition 2, the alternator frequency is controlled by adjusting,Che
speed of the prime mover. In most cases this means control of steam supply tothe turbine.

I
Condit on 3 can be checked by lamps or a phase rotation meter. This

condition c n only be altered by disconnection so that once the phase rotation
of a genera or is proved correct with relation to: the system it will not be
necessary o repeat the.test. Normal switching on and off load is carried out
without chaiging the generator phase rotation. p

(PIE 2_51.18)
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STEPS TAKEN TO syticintoNizE AN INCOMING A-C GENERATOit
TO VIE SUPPLY SYSTEM

4

65

gi

(a) Existing system voltage
wave. (One phase only
shown.)

(b) Machine voltage wave shown
dotted. Out of phase and
frequency. Being bgilt up
to equal the system max.
volts by adjustment of field
rheostat.

(c)

is

Mach ne voltage now equal tO
syste Voltage waves out of
phas but frequeriety being
incre sed by increasing speed
of prir e mover.

(d) Machine voltage now equal to
system, .in phase and with
equalqfrequency.
Synchroscope shows 12 o'clock.
Switch can now be closed.

(PE 2-5-4-19)
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Fig. 15 shows one method of phasing out polyphase alternators. If the
phase rotation is correct on the incoming alternator the lights will all be
dark o* light simultaneously. if the 'phase rotation is wrong the lights will
never all be liihtor dark at the same time.

The phase rotation may also be checked with a small polyphase
induction motor, connected alternately to the system and the incoming
machine, as shown in Fig. 16. If the direction of rotation of the motor
the same for both incoming,alternator and system, then the phase rotation
is the same.

TO ALTERNATOR

Fig. 15
TO ALTERNATOR

Fig. 16

Finally, Condition 4. The phase relationship of incoming machine
and system requires the use of a synchronizing device such as an indicator;
this may be in the form of a bank of lamps or a synchroscope. Modern
large machines will always use the latter because indicati6n by lamps is not
accurate enough.

TO 'ALTERNATOR

Fig. 17
(PE2-5-4-20)

If lamps are used for synchron-
izing they will be connected as in Fig. 17.

Assuming that phase rotation has.
been checked and is c'brrect and that the
machine is at full-volts and close to
synchronizing speed, the remaining
small difference in frequency between
incoming machine and system will
cause varying displacement between
the two sets of voltages.

If lamp indication is being
used on all three phases, all lamps
will become bright and dark to-
gether.

F.
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As the voltages of alternator and system become more ne:rrly.in step,' the
flickeiing becomes slower, The main switch may be closed when all lamps are
dark. It is alwaysogood practice to close the switch at a time when the' incom-
ing machine speed is increasing,. the result being that this machine will tend to
pick' up a little load and be more stable in operation.

The synchroscope gives a much clearer picture of the phase relation-
ship between the two voltages of incoming machine and system. Rotation of
the indicating pointer in the direction marked FAST ,shows the incoming machine
frequency to be faster than the system and vice versa. 'If the frequency of the
incoming machine is equal to the system frequency the pointer will not revolve.

Its position relative to 12 o'clock will -indicate the angle of phase displace-
ment between incoming machine and system in electrical degrees. The inco-
ing Machine should be paralleled at the instant the synchroscope pointer passes
the zero (12 o'clock) position while revolving slowly in the "fast"direction

Once paralleled the pointer will no longer revolve ; to prevent over-
heating of its coils, the synch,roscope should be switched off when not inuse.

The synchros
circuits, on't co
iron vane or dis

operates by the interaction of magnetic fields from two
ed to the'alternator and one to the system, upon a soft
h the pointer attached.

Many modern ;Alternators are fitted with automatic synchronizing equip- .

men4. the basic operating principle being that agreement between coils
supplied from alternator and system produces sufficient'field strength to
,operate a switch-closing relay. .

Load Sharing

Control of the load on an alternator is carriedout through the.. prime
'mover. Increased power'supply to the prime mover will result in an increase
in the load carried by, the alto for and. vicetversa.

In the case of a'turbo- alterniitor, this load control is carried out by
governor adjustment. Section a included illustrations and descriptions of
various types of governors, and the. function of a speed changer (or speeder
gear) was described. This is the means by which the electrical load is set.
On small. machines the setting. will he done locally by hand and on larger
machines by a small motor operateeremotely, possibly from some central
control point. ....

1,

The reason for increased prime-mover poWer, resulting in increased
loading is the fact that all altern tors operating in parallel on a system arc
tied absolutely to'the electrical peed of the system. They are locked in

rrotational synchronism as if the were all mechanically geared to a common
load, but the engine with the gre test fuel input will do the most work.

014.0.

.S\

Generators which have a drooping speed-load characteristic will operate
in parallel with good stability for the same reasons as ci-c generators with:
drooping voltage-load characteristics of pumps with drooping pressure- output
characteristics.

.1%
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. V
Power Factor Control

When two alternators are running in parallel a transfer o load between
them will result in a voltage differential. The alternator with the reduced kilo-
watt loading has its internal voltage increased because of the. lesSened voltage
:drops within its stator windings. hence the machine is said to be over-excited
-for the new value of load. The alternator with the increased kW loading has its
internal Vbltage decreased because of the increased voltage drops in the stator.
Hence this inachine is said to be under-excited for the new value of load.

if the pf of tht,o'N.stem is unity, this voltage differential will cause reactive
cross-current betwNn the machineS If the system pf is lagging however, the
effect is to eatiscoa disproportionate division of reactivepoieier between the alter-
nators The over-excited machine ill supply more. "Vats" (rcactive volt-amps)
than the under-excited machine. A p eter would show lagging on the 'over-.
excited machine and leading on the under-excited machine. ..r

Thc balancing of "Vars" between the machAes must 19eaccomplished by ..

adjusting the- field excitation of each machine.

The field rheostat of.the under-excited machine should belermed in the
"raise voltage' direction and that of the over-excited machine in the "lower
voltage" direction until the kVA meter indication or the pf meter indication
is the same on each machine.

Alternator Rating and Efficiency

The voltage at the terminals. of. an alternator fs.affected considerably by
the pf of the load it is supplying. For this reason the .rated voltage, stated on
the nameplate is always given-for rated kVA at a specific pf and field current.

f'

The average- system load includes. induction, 'resistance and some capac-
itance and will commor4 be between unity and 0.8. lagging. Alternators for
general service will therefbre usually have the terminal 'voltage for rated kVA
at 0.8 pf lagging stamped upon the nameplate,

4-
The short-circuit ratio is often included in the nameplate data; this "gives.

an,indication of the design of the machine with regard to the/quantity of copper
and iron in the electrical and magnetic parts,,,Thelnachine with .high short-.'
circuit ratio will contain more materials.

Short-circuit ratio is Mined as the ratio of the field current required to
produce rated klyltage at.'rated 'speed and no-Iwad to the field current required to
circulate rated stator current %Ilion operating at-rated speed under sustained
short-circuit conditions. The normar figure quoted for. a turbo-alternator is
between 0. ti and 1.0.

4 The affect of high short- circuit ratio in the design of an alternator gives it
improved\stability at times of load awes.

9 AlOrntitor efficiency is dependent upon the losseg' in the machine. Not all
of the lower input to a generator does useful work. Some of the energy input is
lost a,s friction, windage, 12R losses in the stator, and fieldwindings, and hys-
teresis and eddy current losses, in the, iron of the stator.and rotor field circuits.
The efficiency of an 'alternator operating at,O. *8 tagging pf could be expected to
reach 98%.
(PE2-6-4-22)
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qUESTION SHEET
Class

POW1,..;It ENGINEEitING Sect. 5, beet. 4 -.

1. (a) Why is it usual to hav' alternator field rotating'';
(b) Name two types of field construction and explain where each type

would be.used.

2. (a) How many hertz are generated in one revolution of'a 24-pole
alternator?

(b) How many 'ley/min must this altprnator make to genet=ate a
frequency of 60 hertz?

(c) What niust be the speed of a four-pole 25 hertz alternator?

3. .Describe the rotor and the stator construction of a large modern
alternator.

1

4. (a) Describe the enclosed air system of alternator cooling.
(h) List the advantages of this system.
(c) What is the purpose of the emergency air inlet and outlet doors?

5. (a)\ Sketch and describe a hydrogen system of alternator cooling.
Include in the sketch gas coolers, pumps,: water coolers, etc.

(b) List th advantages of this system.
(c) Describe 'the method of charging and the. method of purging the

hydrogen to and from the alternator, Why are theSe methods
necessary ?

(d) Describe some other method of alternator cooling.

G. (a) The terminal voltage of an alternatco will depend upon what items?
(b) In the normal operation of the alternator, which of these items will

Va riable ?

7. (a) Vinci the regulation of an alternator which has a full-load voltage
of 2400 volts and a no-load voltage orf 3240 volts.

(b) Will power factor have any effect uP alternator regulation?
Explain.

(c) What is, the.purpose of a voltage r rulator and how does it fulfill
this fiinction?

(a) List the conditions which Must be satisfied before connecting an
alternator in parallel with other alternators,

(b) 1::xplain the various means by which these conditions arc satisfied
(c) how often must the phase rotation of, an alternator betchecked?

How are load adjustments carried out in tlie case of alternators
operating in parallel ?
Itow does this differ from the method of load adjustment used with
cl-c generators in parallel ?
flow may th6 pf of an alternator; operating in parallel with other
alternators,_ be changed? ExRlain.

10. (a) Define "short circuit ratio" in regard, to alternators,
(b) List the losses that may occur withinan alternator.
(c) Will these losses be the same, at all power factors.?' Explain.

(PE22.6-4)
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High-pressure cylinder

tT

OP
Intermediatepressure

cylinder
Double flow low pressure

. cylinder

ERATO

Fig. I

Main alternator House alternator Exciters

f I
11111

tfra0111111ilgili0)61 110'1!LimA
114101.10 lit"14. Or'41 II1103111' r,"it,k,I1 to: 111111'. 1111_ [if

I velocity compounded and
16 impulse stages.

Diameter over
maximum, 1017 nun;
minimum, 978 nun.

7 0

-
I/4 impulse stages.
D1ameler over Wading:

maximum, 2229111111i
minimum, 1427 turn.

I:ach half. 7 impulse stages
dill' duplex exhaust.

Diameter ()Vet bidding
maximum, 2743 111111;
111111111111111, 1905 111111,

va14.

10O 000 kW
III III kVA.
!Time', 50 hertz
I 1 000 volts.

000 kW.
6 25(1 kVA.
3.phase, SO hertz.

100 volts:

Steam conditions: 4100,1011, 450°C Back pressure 3 ki)a.
Five staged of food heating to 1700C. Speed of rotatic300 rev/milt\

Toig-kwiLaLkrR.

L

Main, 225 kW.
House, 55 kW,
Service', 10 kW.
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A-c generators are usually referred to 4s alternators. unlike it'N. generators
they must be driven at very definite constantspeed, the reason being (aS shown
above) that only at this speed will the ftequeney of the supply generated be exactly
right.

Where one alternator only is supplying a eircuitiload, the frequency of that
circuit or system will depend entirelLupon that altetnator speed. If however,
there are a number of alternators rtAing in parallel to supply the system, the
speed of each machine will be locked into the system frequency and will not be
able to vary unless all machines vary together.

Again, if an additional alternAtor is to be switched into the system supply it
must be run up to an exdet speed first to correspond with the ethers. This is
termed the Synchronous speed.

For a 60-hertz freqbency system a two-pole machine, has a synchronous speed
0 of :1600 rev/min; a four -pole machine, 1800 rev/min; twelve-pole, 600 rev/min,

etc.

llp e,,,comm mowerson types of prime mors used to drive alternators arse steam
tort).

i
les, gas turbines, steam and diesel engines. The types of alternator employ-

ed will be chosen to match the'prime mov...er, and both will be influenced I y the
required output, voltage, etc.

The alternator illustrated in Fig. 3 is a inulti-pole engine-type generator.
typical for use at speeds below 500 rev/min. The machine shown has 2H field
poles on the revolving rotor and will run at 257 rev/min to generate 60 hertz.
Typical output will be_up to 5000 kVA.

The stator consists of a magnetic steel core, built kin lminate(I sheets .c
The winding is placed in slots in the core in the same manner as the armature
winding of the (I -c generator. The rotor carries the field windings, supplied
through brush gear and slip-rings.

shown half-sectional elevation of a two-pole, 3600 rev/min alternator,
turbine driven,

Alternators for hydro- 'electric or diesel eng-iite,generating stations are of the
slow-speed multi-pole type; i,n most eases the hydro - station type4vill have the
alternator shaft disposed vertically. Those for steam or gas turbine drive are
always of the horizontal, cylindrical rotor-type shown in Fig. 2.

Stat. Idard frequency on thh North American continent is (30 hertz (477(ipe
50 hertz) and alternators normally run at 3600 rev/min when two-'pole, and
1800 rev/min,when four-pole. The odern turbo-alternator is almost without
exception of two-pole design. The low operating speed with the four-pole
machine is not generally favourable to a high-pressure turbine design and t
unit as a whol is bulkier and mare expentive than a two-pole machine of si
rating.

Modern development has therefore beim eoncehtated on the two-pole
generator design.

72
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STATOR and ROTOR ASSEMBLIES for a

LARGE ENGINE-TYPE SYNCHRONOUS GENERATQR
Fig.3

( I) Alternator Baseplate.
(2) Alternator Centro Roaring,
(3) Itotor.End.flange,
(4) Fan,
(5) Air Shield.
(0) End Sliiold.
(7) Winding Cover.
(8) Rotor Retaining Ring,
(0) Rotor Support Plato.

(10) Rotor Cono Plato,
(11) Mr Baffle (Spring Typo).

(12) Oil Vont Fir.
(13) Outboard blexiblo
(14) Oil Thrower and Oil Guard.
(15) Slip Itings.
(10) Excitor Floxiblo Coupling,
(17) Main Excitor,
(18) Sorvioo Excitor.
(19) Excitor Outboard Roaring.
(20) Alternator I'odoatal Duo.
(21) Inculating Shim.

*

TURBOALTERNATOR 9nd EXCITER

-HALF-SECTIONAL ELEVATIOW.
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.11(11 It is,`'in fact, (plat...1;0)11111ton for a customer to, call fora machine on the test
to be subjected tact t udden threo-Phase short circuit at its terminals /hile

ning on open circuit at normal voltage and frequency.
SiZ( 6

end' Stator winding insulation is generally micanite. although a number of different
5° ling materials are fn. use.
east

'The general trend, in modern design is to ever-increasing output from an
iidual machine. In all cases' a kingle machine will cost less than two smaller

ringhines giving the same total output, both in construction and In running costs,
In 1)(e despite the more expensive raw materials required and the increasing com-

ity of design, strenuous efforts are being made-to increase the size of alter-
rs Thelnain limitation on the output which can be obtained from any given

the '')-alternator frame is the amount of heat which can be dissipated from the
r without the temperature rise of the windings exceeding the permissible limits,

.'ffective cooling must be carried out in the stator windings too, of course,
nee these are stationary the problem is not so acute.

output from the generator is directly dependent upcin the excitation. power,
"Lase. in output demands increased excitation and therefore either greater ..

on each H or more efficient cooling methods..;.
end bells
body. and lc

r COOL
,

These . .
the stray 1.__P..?Y stern
steel beea..

alternatordesigns.used a straight thrOugh air cooling (system, fans
Stator Deft the rotor shaft drcw in atmospheric air 'and .dischargq.c1 it after once-

rough the core and windings.. Thy disadvantages. were that the ventilating
The tiered dust and grit and bectune choked, and also that-the fire hazard was

sheets andqe
in the Mite
ere and wLir System

. .1..

Th ! t.
`. s, xt design enclosed the alternator ail.' system so that the same;air re-

alloy steel. :-. a-:

a .. nrougn the windings after passing through:an air cooler. Most of these
and elampo; ia 8 eparate.ventilating air fan; Fig. 6 shows ;t typical arrangement.
intervals a

Oh-
spQi.'1Y(''ideivaningles aree,That the W i n d i n g s are kept very much'eleaner, the fire
r reduerd 4ittee tic quantity of oxygen irthe system -is limited, and the

i .st.al()'irn can lie kept (huieter and cooler . .. The,alternator design is made More ..0'
from r'eniieeause the fan and air cooler can belocated in the alternator foundation.
Wing -eh °

. -..

121

phase tyl
-i; end wind dr-cooler cooling medium is circulating water; care has.to be tallea that

must be
support

es occur at the tubes: Means .are provided fortmergency.aceess..to at

orfattlt c,c
:air in the event .of les*s'of cooling water Cupp i'.--.

. , ... ....
.. 0

'.
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Ilydrogen Cooling

The use of a closed circuit system of alternator ventilation and cooling sug-
gested the possibility of some other gas in place of air being used as the cooling
medium. Air has the disadvantages of a poor thermal capacity, high density and*
the fact that it will s )ort combustion. The gas which was universally chbsen/
in place of air for alto fttor cooling was hydrogen.

/
Hydrogen has outstanding advantages as a cooling me rum: it has a high heat

transfer coefficient and will therefore absorb and reject hat rapidly; it has a high
thermal conductivity and will transmit the heat rapidly. It has a low density and
this requireslittle power to force it through a fan and offers very little braking
effect (windage) to the rotating parts of the alternator. The specificheat of hydro
>y is high enough. to compensate for the lOw density so that it will carry .off about.
the scone amount of heat as- air for a given quantity of gas..

Compared directly with air, its specific heat is fOurteen times as great, its
density is aboutone-fourteenth wt. Its hivat transfer coefficient is about one and
(me-half times that of air and its thermal donductivity six times.

- 9 -

The low density gives reduced windage loss and this results in a direct increase
in the alternator erfiffeney of approximately 1%.

The higher thermal'conductivity and greater heat transfer coefficient of hydro-
gen both reduccVhe temperature gradient in an alternator, or conversely permit
a greatcotitput lo be obtained from the same frame. .

The inereaste in output obtained with hydrogen cooling in place of. itir cooling.
on any particular machine has been shown to be, 20 to 30%, based on a hydrogen
pressure of 3.5 kl'a. A further increase in output may be obtained liy_raising
thepressurcofhyqrogyri...in the alternator, each 7 kPa increase above atmos-
phere givitigabotirfhilirgreOutput. Experiments have been carried out with
pressures up to 170 kPa and alternator8 are regularly operated up to 100 kPa.

,4,' In addition to the above, the use of hydrogen for cooling brngs the following
advantages: redu6d maintenance because of the-gas -tight and hence dirt and
moisture-proof casing: 'quieter operation due to the virtual elimination of windage
losses; simplified foundations since external fans and coolers are not required.

oio

The disadyant:Iges are the added complications of a gascontrol system
shaft scaling devices, and the necessity for a gas-tigpt and explosion-safe casing.

I

With regard to the risk of explosion which, is attendant upon the use of hydrtio
gen,. experience has shown that if .ordin'ar'y precautions are taken there is no d4ger.
Nevertheless, hydrogen-cooled alternators are enclOSed in a casing which is de-
signed to withstand the highest pressure which could.occur in the event of an ex-
plosion.

7
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4

ht order aVO,i(j having an explosive Mixt tre ()lair and hydrogen in the stater.
at times of charging or purging; carbon dioxide Is used as a buffer gas, .thatis,.
when replacing the air in the stator with 'hydrogen, carbon dioxide is used to expel
the air and then hydrogen in turn displaces the carbon dioxide. In the case of
purging the hydrogen from the stator prior to opening till for overhaul, repair, etc.,
(702 is used to expel the hydrogen and then alt' to displace the CO2.

Hydrogen and air form an explosive mixture betweet the limits of 4(7, and 71(1
hydrogen in ;Or by volume. During normal running it is not difficult to maintain
the purity of the hydrogen in the stator at 95r1 or above.

The-shafts must be sealed at the .point where they pass through the stator
easing. Various types of shaft seals have been designed and are in use.

Fig. 9 (a) and (b) illustrat'cs a radial clearance and an axial clearance type'.

Fig. 10 gives a detail of an axial clearance or thrust-ring type of seal.

In each case the basic idea is to preCent the hydrogen from escaping outwards
by f iaang seal oil inwards. The present.day seals are extremely effective and
the quantity of oil required.to maintain tightness is. relatively small. The oil is
supplied from the main machine lubricating oil system and is returned after passing
through a hydrogen detraining tank where the oil is delayed longyhough to.allow
any entrained hydrogen to be given off.

:The complete System of pipework and auxili$'ies for a hydrogen-cooled
alternator of Alessi's. C.A. Parsons design is given in Fig. 11 .

The layout shows lubricating (seal) oil lines, carbon dioxide, hydrogen,
distilled water (for hydrogen coolers) and river' water (for distilled water coolers)
pi pewtyrk .

The effectiveness of hydrogen cooling of alternators can be increased
creasing the hydrogen gas pressure in the stator as mentioned earlier. It can
also be increased by allowing the gas. direct access to the copper conductors ,on
The rotor winding. This method is known as Direct Rotor Oooling and together.,
withinereased gas pressure has been responsible for ai major advance in the
design of turbo-alternators. The rotor winding design is 'arranged to allow cool-
ing gas to flow in contact with the copper by the use of slotted, grooved or hollow
conductors. -

eas flow paths Vary with manufacturer's designs. In some cases
the gas enters at each end of the rotor and leaves at the centre; in others it flows
front end to end. still other designs allow the gas to enter special rotor ventilation
'slots and then escape radially through slotted conductors.

1

0
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11.2

GENERATORS - OPERATION

Goal: Performance Indicators:

The apprentice will a able to 1. 10escribe control of.power

describe the Operatiell of factor.

generators. \

S

*

Descritie synchronizing.

Describe pat,alleling.

Describe loading.,

5. Describa.coolini.

6. Detcr$be safety.

7. Describe protection.

8. Describe maintenance.

.1

1

'At

8,
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INSTRUCTIONAL LEARNING tYSTEMS

e-

Study. c501.0e.

wom********************Iwn************

Nolosmommulauswirmsememeas

Read the
package.

Read the

Reid the

goal and performance inWators to find wtIt'is to be learned. from

;

vocabulary list to find new words

introduction and information shee

* Cowplete.the job sheet.

* -Complete self4assessment.

* Complete post-assessment.

thaLwill bajused in package.'

s.
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Cools g

* Enclosed air cooling

Hydrogen cooling
e

Liquid cooling

Paralleling 4

Power factor

* S'ynchronizing

ht.

at,

4". .

$
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Introduction
.

A

The operation of generators is a major responsibilit
The mechanical renergy ,produOd by steam must be

energy. Although erators are not electricians,
operational proceSse of generators.

y of a steam plant operator. *
converted into electrical

'they must unde stan dte

Operators ,must knbw 'how to synchronize generators that are operati

parallel. They must understanCloading, cooling proteCtibnon, maintenance,,, a

safety factors of,electrical generators. This package introduces the apprentice
to these concepts of operation: Further reading and practical experience will

build, upon this foundation knowledge.

%war

S

o

.

4



...
t, Control lins, 'the' Vowel- Factor,

When two or ,more alternator* are 'hooked in parallels the power factor must'', be .1,

controlled.. This can .be.'accompliihed by, trimming the resiste9ce in the:Aorta ,..,/,,,,
regulator circuit-. The excitation .must be adjuated for each ,'alternator,; iV
parallel hookup.

. . i .

-Synchronizinik,
.

..
....., ..

A.
.. ...r...,;_

\..,,,__,Operation of 3.1 alternators s. in _ parallel requires that ,y01.0: be': . ' ''',
synchronized Id -.filch other.. Synchmonization 'requires tha5.',e:,gen rittor'!:;h
switched into a. parallel, system. must have: s :-.: 7: 4 -. "%;; i'*."

' ''''. ::`''' '12, P. ),..',

.

, - I
* a terminal voltage equat to tnat.,ox the system-

* a frequency close to that 'of ...tha system--
* the .same phaile rotation 'as that Of .,the -ay tem

* the satk phase relationship .,as 'S*0

...... ., ,.1. ..:, ..

Thei,..vpitage can be synch'ronized with the- syiltem.-hy running 'tl!te::,mechbie-,UP... to :.this :44. :.

voltage of the system. and setting, the .field rheostat';7; .;'.Altaina4kfreqtlitncl,....e[0:',.4''

be changed by adjusting theo steam supply to the tpitsine.... A tithati.e C,riit?4tion:. metal'
, ,;-,,

. '.will show -11....the alternator is'but og; phaseit.-,. ny .. of:. e, mg dein :..-':ralcertiatOka.. ....
have automatic phasing equipment. et -:

u
.1 ,-,-,.

.,..1..:,.. .p, .. ,..4.---

.. r",,,....

.

EamiloALELI .-...,.
...

....,.. ..,,,:.,..-4,
,.,.

Paralleling is the practice of hooking..several goneratorff,..ih.'ppratlel* ...ulitir 4,,1.11.,

4,1. i

common bus bars. This, process is 'also Called synchronizing .aii..'04souiseA 4 the 1.:-....
previous paragraph.' The alternators afire '`connected as .a .patallel-cirtuit'.1 cW.7%;11.if,;:r. ,,..

requires that :each motor in the, oircuitliPe synchroaited. --,:-.-."'. ..tw...,,,-,.

boarding,

. Alttrnator load i (nitro 60 by, the priMe mover ...'';',114hen'''the'.primes',MoVeri' ,1 , yi
is 74:ticreased ;' : [ternator loading. will 'incriese., Conprok,ot.the':::',.:10e. ,.,11 '1.,.,",,,

is fiandled:'by adjustments in the.,","governOr 'of , the ,Px4.mgo,JitoYei-,:.''' Sonie,,...Me4ines;.,,I*::;t:'''

have other typee of .,mechanitimscf or coritrolliiig...epiiids,. Whatever the ,method., for -.: !,''
. codtrolling 'the prime ifloyer,Ipeed ,-',.'it is the oil* .means..ftW adjusting loe07,..orG

, .

.

..

Y.

an alternator., . ' ......, , 1.. a :....
.. . .,..... ...,, .

,,..

.

:
ACA '

L-
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.

..-..The. encl'ostid .air 4.stem.'titiiixes:;,,ifir. to, 'Co 1 water;that...,flOws'i through enclosed
..:Aii6es.,I.. . 'Mk::: recirculatelit. throtighl the:Windings ,after it1.pasese through. an _air .

..,i ".cooler- 'The'efie, is keit cool by scirtulating water t.4.4.; moves up.,and down the
:, -:tooitot tube .1"'..The.:: siune. air is'-1,sed/. o*et°.and oyer. ..' P::" "

, ..-, ,, - :,, ...

'r .i,
r. .. , . . ... ..I,

.,. ,

./ .,r,t ydrOgen `coo ,is';',.also,. vtlosed ,Ostem that circulates hydrogen instead of

.,;- sr.;? .:::;. The .:hydiblOik..,±g(ti better, coO4int;'thatt 'air due to its ability to ticanafje
,-..heat.';' i.,ate$e f.S.,4. risk. of aXtioSioa:'When ..hydrogen' isl. mixed with air .1/4 ',1'Fpr: that

:i reaeon., 4t11,e..4Y*Or.d.iin stela; 'must be t tight sealed and- gas tight. All hydrogen ..

:'044,,, be . puilectlitciO'the( stator :, befeire.. opera g .np. 'the syStem ,forTrepair1. PUrging ..

': Ciii,,be,aceoMplished' With carton d,piixide. ,. d' use 'Of :clean-water, for -cooling the, ..
nt.. po led ,,wate 'is". recommended .::-.. . .' p: ,.. , ,ii .1 .

n , . .- .

1 I , . . , :,;(4 f : 1

.61' ' ( ' 'Yl. 0).' .

. .': ,

, r s

,AT .r0. k.
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1

When Working on tquipient, trip the main breaker i lock it and tai it so°

that others will not turn on the juice accidenthllYs.,

Ciieck all three Phases of a three phase circuit before starting to work

of it. One phase'may. give a,
iaaleading reading because of its grounding

.

while - the# others .remain hot. .

. Chebk thp grounding Lon 411 equipment whether portable hand tools bi

major eq4ipment. ?

PrOtection
.

Generators: 'shoal be protected .by circuit breaker,.equipment Circuit breakers

*-.ilAY :be :.' . ..
.

.

.

.
,

i
. g 4.!...

* Air break : type that .protect up to 575 -44Es..t.
.... / .

::':, * :Ail izaiersed-type, for voltages beyond '575 Volts.

*-.414r- blast type 1 for high voltages:: '.

.
. \ -.. , .,- ,

Generator 'proteCtion must consider .both.:external and iliternalaults. A 'circuit

breaker is needed to/protect the generator form problems 'in dive transmission'

system. This allows the generator to revert to a 'houpe unit load until ,,4141;.

problem, is. corrected.'; Another external fault o4curs back of,, the generator. ,' Az

. unit trip, relar.io: used to give protaction'from this, tyPe 'fault.

_ . .

Internal fatilts,,can occur in 'anf. cet thoi:Zfed4ciwing Ways: -.!

0'

Phase to ground
:::Phase to phase

* Double phase: to ground'.

41, Three : phase to grdund

4 0.

.0

/ 4.

Protection against internal' :faulta is 'afforded Wog..,.

grounding through distribution transf ormex,1

somewhat ..complex and:sho41d.ba;,6oMpliteeby'a

Maintenance

IC relay prdteCtion :;scfteme

ThetWrelW schemes ate -

Operator is responsible fceroiitine Odtks c101:141.t*: o

,;equipment, Some things that shOuld be chdtked;regiiieriy:afe::,

. .

_generator

, 1\.!1.



CheCk for hydrogeri leaks with an approved hydrogen tester.
* Check for liquid leakage by use of liquid detectors. underneattv.t.60:generator.

NO Remove. and check hydrogen coolers for water leaks. t
* Inspect collector rings and brushes ion field exciters; for wear".-2.7,,,.
* Preheating of ,field windings is required on swab" genei4orl..

Follow plant ,procedures and/or*.manufadturers 1,94ructiOxis or :maihtenance
of generators

v ,

110



Assignnient

Read pages 7 - 22 in supplementary reference.

Complete job sheet.

COmplete selfassessment and check answers.

Complete postassessment and have .instruttor check anspers.

I

v.

O

A,

. 4$

0 '
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ob Sheet.

OBSERVE GENERATION OPERATION. .

Observe a trained operator in the operation of a generator.

- Synchronizing
-. Loading

Che king cooling system .

Mm ntenance

Observe equipment used for

- Protection
- Cooling

I

S

I

4

4



Match the following teims and phrases.

1'
gmlowORpopml

01.0

. Synchronization

Alternator frequency

3. Alteinator voltage

4. Phase rotation meter

Paralleling

tl

6. Loading

7. Enclosed air system

Carbon dioxide

9. Air break.

10. relay scheme

11.

N.' Shbwef alternator is out
of phase wit4 system.

.

Usesweter aka, a 'coolant medium.

Controlled by the prime
mover.

D. Changed y adjusting. the'

steam supply to the turbine.

E. Requires that each generator
have terminal voltage equal
to the' voltage of the system.

F. Types of circuit protection
device.

G. Protects against internal
faults in system.

Can be changed by runnings
machine to,require,voltage
and setting rheostat.'

I. Used to purge hydrogen from a°
cooing system.

Hooking several generators to
a commonOus bar.

.
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Self ssessrpent
Answers

1.

3 elL1

A 4.

J 5.

Ci

.13 7.

8.

F 9.

10.

I 1,



INSTRUCTIONAL LEARNING SYSTEM... 440116

e

ssessrnent

1.

MIPPROMINOMMOMMAMMMMlopmMIMMINNIOMM.

1. hist 3 types of internal electrical faults that can occur in a generator

system? '

2. What kind of device

generator?

s used

.r

to.protect the systedi faplting back o) the

3. What ly,pd of device is used to prOtect the system from faulting that

'in front. of the generator -(transmission system)?
4

4. List.3 types 60 circipit breakers used in protection of generators?

AIM

5. What precaution s important in A hydrogen cooling of generatg?

1

A

6. Why is distilled water recommended for liquid cooling of generatOrs?

7. List 3 types of cooling systems,.

ccbrs

I

, A
.

.0 ( .

r

8. When theiorime Mover power) s increased, dots the alternator load increase
,

.

or decrease? .

9. flow can we determine if an alternator is out of phase with a system?

t . ,,. ,
. .

i .
c

. N

10.. ,)low is the power, factor controlled in.paralleling?

13

7

f
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Instructor ,

Post Assessment
Ans ers

JI

0

1. phase to ground, phase to phase, dOublk.phase to, ground, three phase'to
ground

2. Trill, relay

3. Circuit breakers

4. Air break, oiln iimmersed,arq4ast

7

5. Purge-hydrogen with carbon dioxide ta avoid exploston

6. 'Has lesb electrical conductivity

r

'7. Enclosbd air, hydrogent, liqui¢

8. .Increase

9.. By use of a phase rotation meter

10.- By trimming resistance in the voltage regulator

a.

4'

14

ti

1
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